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ABSTRACT 
The major objective of the study was to establ ish the identity 
of powdery mildew species infecting composites in Uttar Pradesh 
( Ind i a ) . In order to achieve this objective, a study area 
consisting of ten d is t r ic t s was selected. Pract ical ly it could not be 
possible to encompass a l l the d is t r ic t s of the state and at the same 
time a l l the a reas in the included d i s t r i c t s . Surveys were 
conducted in different locali t ies with extensive composite cultivation 
in the d is t r ic t s of Agra, Aligarh, Allahabad, Bareilly, Budaun, 
Bulandshahr, Etah, Etawah, Kanpur and Mathura in Uttar Pradesh. 
Acroclinium s p p . , C. officinalis, C. coronarium, Cineraria spp . , 
Coreopsis s p p . , C. su lphureus , £ . v a r i a b i l i s , £ . s inuata , E_. a lba, 
H. annuus , X. strumarium and Z^ . elegans were found infected in 
various d is t r ic t s included in the study area during surveys. This 
study for the first time in India , consist such as large a rea , to 
establish the identi ty of powdery mildew species infecting 
composites. In addit ion to the identi ty of the species, consistency 
in anamorph charac te r s in which the powdery mildew species were 
found, was examined in order to use them for identification of the 
involved species . 
Identity of the causal organisms 
Identification of powdery mildew species infecting various com-
posites in different locali t ies of the dis t r ic ts was established by 
using anamorph charac te rs of the species. 
Mode of parasi t ism in relat ion to ectophytic and endophytic 
nature of the mycelium, morphology of conidiophores in relation to 
b ranch ing , arrangement of conidia on conidiophres, shape of 
conidia, presence or absence of fibrosin bodies in conidia, mean 
number of fibrosin bodies per conidium, morphology of germ tubes 
and development of appressor ia and point of origin of germ tubes 
on conidia were studied and dimensions (length and breadth) of 
conidia were measured and length /breadth (L/B) rat io of conidia 
was determined. 
Erysiphe cichoracearum and Sphaerotheca fuliginea were 
identified as the species causing the disease on composites in al l 
the d i s t r i c t s . E. cichoracearum was found infecting Acroclinium 
s p p . , Coreopsis s p p . , C. su lphureus , D^ . v a r i a b i l i s , E^ . a lba , X. 
strumarium and Z. elegans from al l the surveyed d i s t r i c t s . Whereas, 
^ . fuliginea was found infecting Cineraria spp, C. officinalis and 
ti. annuus . Beside these p l an t s , C. coronarium and ^ . sinuata 
were also found with infection in few d i s t r i c t s . C. coronarium was 
infected with E. cichoracearum in the d is t r ic ts of Agra, Aligarh, 
Etawah, Kanpur and Mathura. Similarly, £ . s inuata was found 
(ii) 
infected with ^ . fuliginea from Aligarh and Budaun districts 
respect ively. The study es tabl ishes the identity of Compositae 
powdery mildew as E. cichoracearum and _S. fuliginea, though ^ . 
cichoracearum was predominant and r.ainly responsible for the 
disease on the members of th is family. 
Consistency in anamorph characters 
A number of anamorph characters par t i cu la r ly presence or 
absence of well developed discrete fibrcsin bodies, mean number of 
fibrosin bodies per conidium, conidia . dimensions (length and 
breadth) and length /breadth (L/B) ra t io of conidia, forking of germ 
tubes and appressor ia l development and point of emergence of germ 
tubes from the conidium was examined for their consistency. The 
charac te rs showed a great degree of consistency and were found 
valuable for differentiating E^. cichoracearum from S^. ful iginea. 
The conidia of powdery mildew Indentified as S. fuliginea 
possessed well developed fibrosin bodies. Though in some samples 
a l l conidia did not show fibrosin bodies, a fairly high percentage 
contained them. Mean number of fibrosin bodies per conidium in 
various samples ranged between 7.38 to 9 .01. Conidia of S. 
fuliginea produced simple and forked germ tubes and did not 
develop appressor ia . The per cent forking of germ tubes was 
between ^7.96 to 56.36. The germ tubes emerged from the side wall 
of the conidium. 
(iii) 
Conidia of the powdery mildew identified as E. cichoracearum 
did not contain fibrosin bodies. On germination they invar iably 
produced simple and s t ra ight germ tubes which later developed 
club-shaped appressor ia . The germ tubes emerged ap ica l ly /basa l ly . 
The conidia of S^. fuliginea were el l ipsoidal whereas of E^ . 
cichoracearum were ba r r e l shaped tending to become cyl indr ica l . 
L/B rat io of conidia for the species was more or less constant being 
more than 2 (mostly 2.10) for E^. cichoracearumi and less than 2 
(mostly 1.80) for _S. ful iginea. 
Host range studies 
In the host range studies it was observed that Cineraria spp. 
and Z. elegans were susceptible to D^ . va r i ab i l i s isolate of E^ . 
cichoracearum, However, £ . va r i ab i l i s and H. annuus were 
susceptible to Z. elegans isolate of E_. cichoracearum both in the 
glasshouse as well as in the field condit ions. The isolates of E^. 
cichoracearum from A. esculentus (Malvaceae), B^ . hispida and C. 
cordifolia (Cucurbitaceae) fail to paras i t ize the Compositae members. 
It was assumed that the isolates of E^. cichoracearum from 
composites appear to be different from those of non-composites. 
Isolates of E. cichoracearum from composites gave different 
response among var ious Compositae members, it shows that there 
may exists various s t ra ins of E^. cichoracearum having specificity 
among the composites. 
(iv) 
Varietal res is tance 
Out of the ninty nine cu l t ivars of cul t ivated composites testec 
for their res i s tance , it was found that reaction against £. 
cichoracearum isolates from C. su lphureus , C. coronarium, d_. 
var iab i l i s and Z^ . elegans showed resis tance to few cu l t ivars . It 
was observed that the cu l t ivars of C. officinalis (Double mixed): C. 
coronarium (Maxima may queen, Annual mixed. Selection mixed and 
Coronarium mixed); Cineraria spp. (Maxima mixed colours); C. 
sulphureus (Sensation mixed, Choice mixed, Goldcrest, Sunset, 
Bright l i gh t s , Candy s t r ipe . Early flowering mixed. Double crested 
mixed); £ . v a r i a b i l i s (Dwarf double redskin , Coltless hybrid mixed, 
Dwarf border mixed, Unwins bedding. Decorative mixed. Exhibition 
mixed); H. annuus (Miniature mixed, Japanese miniature mixed. 
Brown fancy mixed); I., sat iva (Local) and Z. elegans (Violet 
queen. Giants of California mixed, Linearis white. Golden dawn, 
Purple pr ince . Dahlia flowered mixed and California giant mixed) 
were highly susceptible to res is tant aga ins t these isolates in 
glasshouse and field conditions. 
The host response in genera l , in glasshouse and field was 
found to be the same. In few cases it was noticed that the same 
cul t ivar remains susceptible under glasshouse but becomes resistant 
in the field or vice ve r sa . It can be concluded that the 
glasshouse conditions were a bit controlled and conducive for the 
powdery mildew development. 
(v) 
Chemical control 
The comparative efficacy of three commercial fungicides viz. 
Karathane EC (Zt8 per cent 1-methyl-heptyl) phenylcrotonate, 
Bavistin (50 per cent 2-methoxy-carbamoyl) benzimidazole) and 
Morestan (25 per cent 6-methyl-quinoxal ine-2,3 . dithiocarbonate) was 
evaluated agains t powdery mildew (^. cichoracearum) on Dahlia 
va r i ab i l i s cv.Decorative mixed. Out of the different concentrations 
of the fungicides appl ied, higher concentration (0.02 per cent) of 
the fungicidal spray was found to be most effective in controlling 
the d isease . The best performance was observed with the 
applicat ion of Karathane EC followed by Bavistin and Morestan. 
(vi) 
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INTRODUCTION 
Powdery Mildews 
The powdery mildew was first recognized as white powdery 
appearance on the leaf of Humulus, Acer, Lamia, Galeopsis anc 
Lithospermum by Linnaeus (1753) and he gave the name Mucor 
erys iphe. The Erysiphaceae was perhaps first recognized as a 
taxonomic group by Leveille (1851). The taxonomy about the 
members of this family given by Salmon (1900), Homma (1937) anc 
Blumer (1967) was stablized since las t 67 y e a r s . During this 
period var ious workers viz. Sawada (1914), Brundza (1933), Yarwooc 
(1957) and Hirata (1966) also studied the taxonomy of these 
pathogens. The number of genera of Erysiphaceae range upto at 
least eighteen (Hirata, 1966). Blumer (1967) divided the entire 
Erysiphaceae family into eight genera and Amano (1986) classified 
it under twenty genera . 
Erysiphaceae are pa ras i t i c en 7187 host species of 1289 genera 
belonging to 149 families, and LL, orders of Angiosperms (Hirata, 
1966). About 90 per cent of these are Dicotyledons, and only one 
species of powdery mildew i . e . Erysiphe graminis is known to 
attack Monocotyledons. This wide host range for a specific group 
oi foliage pathogens is probably exceeded only by the rusts 
(Uredinales) . Hosts of powdery irdldew include some 13-38 per cent 
of the total Angiosperms in a geographic region (Hirata, 1966). 
The powdery appearance of this disease is caused by the 
mycelium and maturing conidia which are formed on erec: 
conidiophores borne singly at r ight angles to the leaf surface. The 
conidiophores are a chain of cells which are shorter but of greater 
diameter than hyphal cel ls . Conidia are typica l ly el l ipsoidal , with 
thin walls and numerous conspicuous vacuoles of water. Powdery 
mildews occurs pr imari ly on the leaves , buds , flowers and frui ts . 
Other charac te r i s t ics of powdery mildews are the occurrence c: 
haustor ia in the hos t ' s epidermal cel ls ; their luxur iant developmen: 
in rain-free seasons; the high water content of la rge , turgid, 
passively l ibera ted , airborne conidia. Generally powdery mildews 
are favoured by succulent host t issues and by cool, shadec 
environments. Fibrosin bodies - refract ive, s t r a igh t , or curved roc 
like s t ructures are present in the conidia of Sphaerotheca anc 
Podosphaera. 
The a reas of greatest abundance and of damage due tc 
Erysiphaceae appear from the l i te ra ture is to be California and 
I s rae l ; both are character ized by rain-free summers with intensive 
ag r i cu l tu re . Treatments which favour a r e , succulent growth and 
large leaves , t i l lage of the soil (When weeds are abundan t ) , 
shading , induction of water sprouts of woody plants and 
ferti l ization appears to favour powdery mildew. Liming of soil 
(Hirata, 1968; Vlamis and Yarwood, 1962) and low soil moisture 
(Yarwood, 1957) also favour the infection. 
Erysiphaceae occur predominantly on cul t ivated plants and are 
more destruct ive on cul t ivated than on wild p lants iBluiner, 1933). 
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Extensively studied and economically most important powdery 
mildews are Erysiphe cichoracearum, E^ . graminls , Sphaerotheca 
fuliginea and Uncinula necator. 
Family : Compositae 
The family Compositae is one of the largest family of flower-
ing p l an t s , comprising about 900 genera and over 13,000 species. 
It is widely dis t r ibuted and cosmopolitan in hab i t . Members of this 
family consti tute about 10 per cent of the entire flowering p l an t s . 
In Ind ia , it is represented by about 138 genera and 708 species • 
occurring chiefly in the Himalayas and on the mountains of 
Southern and Western India ascending upto about 6,000 metres. 
About 52 per cent of the species are endemic in na tu re . The family 
plays an important role in the vegetation of an area ranging from 
the arct ic region r ight upto the sub- t ropics ; in the tropics 
themselves, it avoides the ra in forests but occurs in arid zones and 
mountains a l so . 
Economically this family is of great importance, large number 
of p lants are extremely ornamental viz. Hellanthus annuus, Tagetes 
erecta. Chrysanthemum coronarium, Dahlia va r iab i l i s and Zinnia 
e legans . Some members are important as a source of food to man, 
such as lettuce (Lactuca s a t i v a ) , globe artichoke (Cynara 
scolymus), endive (Cichorium sp . ) salisfy (Tragopogon porrifolius) 
and cichory (Cichorium in tybus ) . Many are noxious weeds and 
others are medicinally important e . g . (Artemisia absinthium (worm 
wood) and the roots of Doronicum roylei are used as aromatic 
4 
tonics. Artemisia c ina , A. maritima and A. n i laqar ica yield 
Santonine, which is used for expelling worms. Matricaria 
chamomilla (Midteranean) is the source of chamomille a medicine, 
other medicinal p lants are Anthemis nobi l is , Calendula officinalis, 
Filago germanica, Tanacetum vulgare , Vernonia anthelmintica, 
Solidago s p . , Blumea lacera , Eclipta a lba , Lactuca sa t iva , 
Taraxacum officinale and Sonchus oleraceus. Some most economically 
important p lan ts are as follows; 
Calendula officinalis Linn. 
C, officinalis and C. a rvens is grow wild as well as cultivated 
for their beautiful yellow heads . Its flowers and plants are used 
to t reat wounds and in jur ies . The flowers of C. arvensis are 
reputed as stimulant and an t i sep t i c . 
Cosmos sulphureus Cav. 
C. sulphureus or the yellow cosmos is a herb , native to 
Tropical America and is now cul t ivated in Indian gardens . The 
flowers yield an orange red dye. C. b ip innatus is another commonly 
cul t ivated species which has many ornamental va r ie t i es . 
Dahlia variabi l is Desf. 
It has immeasureable var ie t ies that are grown as ornamentals 
throughout the world. All these var ie t ies go back to D. plnnata 
(D. va r i ab i l i s ) and D. cocclnea that are indigenous to Mexico. From 
the tubers of it a polysacchar ide , inulin Is obtained which is used 
for commercial preparat ion of fructose. 
Eclipta a lba Linn. 
It grows wild throughout India . It prefers moist places. The 
plant is used for the cure of spleen and l iver enlargements, its 
roots are pu rga t ive . 
Helianthus annuus Linn. 
The genus includes about 100 species. H. annuus is commonly 
grown as garden ornamental . Its seeds are a source of an oil, 
which is used in food p repara t ions . It is also used in making 
soap, varnish and pa in t . 11. tuberosus (Jerusalem artichoke) is a 
perennial herb cult ivated a l l over India for its edible stem tubers, 
which are also used in the manufacture of Indus t r i a l alcohol. The 
plants are also grown as a forage crop and weed eradica tor . 
Lactuca sativa Linn. 
Lettuce, a native of Southern Europe and Western Asia, is 
descended from the wild lettuce {L^. scar r io la) a common weed of 
roadsides and waste lands . Seven species grow commonly in India. 
I^ . sa t iva is cul t ivated throughout India for its edible leaves that 
are used as s a l ad . The plant has a cooling, sedat ive, diuret ic , 
diaphoretic and hypnotic proper t ies . Earl ier it was cult ivated only 
in home ga rdens , now it is an important crop and thr ives best in 
sandy or loamy soil and requires cool weather . The other common 
Indian species are L. d issecta , _L. scarr iola and L. polycephala. 
Xanthium strumarium Linn. 
It includes 30 cosmopolitan species and is distr ibuted 
throughout Ind ia . X. strumarium is d iaphoret ic , sedative and is 
considered useful in long standing cases of mala r ia . The root is 
bi t ter tonic, useful in strumous diseases and cancer . The fruit is 
given in small pox. 
Zinnia e legans Jacq. 
It includes many species that are grown as garden 
ornamentals . It has many var ie t ies ( e .g . Z_. angustifolia) that are 
grown as ornamentals . 
In this programme of research, considering various aspects 
related to the powdery mildew of the Compositae, important for 
tackling the disease , the following aspects have been studied. 
1. To survey the incidence and intensi ty of powdery mildew on 
different members of the family Compositae in some distr icts of 
Uttar Pradesh . 
2. Identification of the causa l organisms in order to establish the 
pathogens of powdery mildews of Compositae in some dis tr ic ts 
of Uttar Pradesh . 
3. Consistency in anamorph (conidial) charac te r s for their use in 
the identi ty of Erysiphe cichoracearum and Sphaerotheca 
ful iginea. 
4. Host range studies of both the pathogens . 
5. To study the resistance among indegenous Compositae cul t ivars 
(var ie t ies) agains t Erysiphe cichoracearum pathogen. 
6. Chemical control of powdery mildew. 
LITERATURE REVIEW 
The family Compositae constitute important ornamental plants 
which are found in almost a l l the pa r t s of the world and are grown 
for thei r beautiful flowers and due to their immense economic 
importance. The members of this family are not free from the 
d iseases , they are at tacked by Virus, Bacteria, Fungi and 
Nematodes. Among fungal d iseases , the powdery mildew is most 
common on both cul t ivated and wild composites (Salmon, 1900; 
Homma, 1937; Hirata , 1966; Blumer 1967; Kenneth and Pa l t i , 1984). 
The dis t r ibut ion and severi ty of powdery mildews depends on a 
dynamic state of conditions and involve a balance of favourable 
and unfavourable environmental factors that directly affect 
germination, infection, growth, sporulation and dissemination, as 
well as the factors that direct ly affect the development of the 
pathogen through their influence on host physiology (Schnathorst, 
1965). Powdery mildews are general ly favoured by re la t ively 
moderate to high temperature, high soil moisture, reduced air 
c i rculat ion and light in tens i ty , fertile soil , succulent p lant growth 
and continuous cropping (Yarwood, 1957). 
Occurrence of powdery mildew on Compositae in 
different Geographic regions of the world 
Powdery mildew on Compositae is noted to occur in al l the 
geographical regions of the world (Hirata, 1968; Amano, 1986). 
Records of this disease on different members of Compositae in 
various countries is given in Table-1 . While Tables 2-6 clearly 
indicates the occurrence of different species of powdery mildew on 
Compositae. Reports of teleomorphs (peri thecia) of Erysiphe 
cichoracearum, Sphaerotheca fuliginea and Leveillula taur ica on 
Compositae members in different pa r t s of the world is presented in 
Table - 7- Similarly, records of occurrence of powdery mildew on 
Compositae in different s ta tes of India and the species reported is 
given in Table - 8. 
Causal Organism 
Majority of the powdery mildew including species a t tacking 
Compositae, seldom produce per i thec ia . The per i thecia , are of 
limited value in taxonomy of powdery mildews because most 
collections do not contain them, only 13 per cent of 515 collections 
l isted by Gardner and Yarwood (197A) contained per i thecia . 
Tropical and sub- t ropical regions contain many powdery mildews .but 
peri thecia are uncommon (Hansford, 1961; Bessey, 1961; Clare, 
1964; Blumer, 1967). Laibach (1930) indicated that the old leaves, 
low state of host nut r i t ion , dry atmosphere and low temperature 
favour per i thec ia l formation. Continuous cul ture in the glasshouse 
may lead to the loss of per i thecia l formation (Mamluk and Weltzein, 
1973). 
Teleomorphs of Erysiphe cichoracearum DC. ex. Merat. and 
Sphaerotheca fuliginea (Schlecht.) Poll, are claimed to have been 
recorded on different members of Compositae (Schnathorst, 1959; 
Lebeda and Buczkowski, 1986; Tanaka et a l . 1986; Rostam, 1983). 
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Erysiphe cichoracearum and Sphaerotheca fuliginea 
The best documented powdery mildew pathogen of the family 
Compositae is E. cichoracearum. This is recognized by i ts two 
spored asci and basa l ly inserted appendages which are much longer 
than the diameter of the ascocarp. It resembles S^. fuliginea in 
possessing conidia in long chains which has possibly led to 
confusion in some repor ts . Conidia of _S. fuliginea produce forked 
germ tubes whereas, those of E. cichoracearum form s t ra ight germ 
tubes and well differentiated appressor ia (Zaracovi t is , 1965)- The 
pathogen has world wide d is t r ibut ion; Blumer (1967) dist inguished 
13 formae speciales based on a single species or a single section of 
a genus . A biologic form on Safflower (Carthamus t inctorius) was 
named E. cichoracearum f. sp . carthami by Milovtzova (1937), while 
wild and cul t ivated lettuce appear to be a t tacked by separate 
s t ra ins (Schnathorst £^ a l . , 1958). Clare (196/+) and Yarwood (1973) 
also attempted to provide a key to indentify a var ie ty of genera 
and species by their anamorph c h a r a c t e r s . They did not include 
the appressor ia , germ tubes and secondary mycelium, but they 
included the type of host plant in their key; according to them, the 
genus Erysiphe occurs on herbs and can thus be dis t inguished from 
the genus Microsphaera which occurs on t r ees . The presence of a 
pa r t i cu l a r species of powdery mildews on a host is often influenced 
by the time of year . For example, in New Zealand E. 
cichoracearum and E. polyphaga occur ear ly in the growing season 
on Sunflower (Helianthus annuus) and d i sappear several weeks 
la te r , to be replaced on the same p lan t s by S. fuliginea 
(Boesewinkel, 1980). 
In addit ion to I-. t au r ica (Rostam, 1983; Ciccarone, 1955) both 
_S. fuliginea and E^ . cichoracearum have been reported from Europe 
(Reid, 1986; Crute and Burns, 1983; Braun, 1980; Hasan, 1974), 
where the la ter predominates. IE. cichoracearum was recognized as 
powdery mildew of Compositae in I ta ly ( la longo, 1980, 1981, 1987; 
Lorenzini and Triolo, 1981). On the bas is of morphology of conidia 
and resul ts of inoculation of var ious hosts , the pathogen of a new 
disease on U. tuberosus was identified as E. cichoracearum 
( lalongo, 1981; Lorenzini and Triolo, 1981). On the other hand the 
fungus isolated from Sonchus oleraceous, growing wild in Rome, was 
pathogenic only to Sonchus spp . on inoculat ing a wide range of 
p lants ( la longo, 1980). Beside E. cichoracearum, S^. fuliginea was 
also newly recorded on Gerbera jamesonii in I ta ly ( lalongo, 1987). 
In Romania Eliade (1975) reported E^ . cichoracearum on Achillea 
coaracta ta and Zinnia e legans . Host records for various species of 
medicinal p lants at Domnesti, Romania was given by Capetti and 
Gabriela (1976), there are five species of Calendula and a single of 
Hieracium, and the powdery mildew species was reported as S. 
ful iginea. Powdery mildew of Sunflower and Jerusalem artichoke in 
Bulgaria was reported by Mitov and Popov (1980) and Shopov 
(1976), E^ . cichoracearum f. sp . he l ianthi occurs on Sunflower and 
frequently on Jerusalem art ichoke (H. tuberosus) ; it also infects H. 
scaberimus. In inoculation tests conidia from Sunflower infect H. 
tuberosus and H. scaberimus, and those from H. tuberosus infect 
Sunflower. 
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The occurrence of powdery mildew of lettuce in U.S.A., on 
wild and cul t iva ted let tuce, is well documented (Schnathorst et_ a l . , 
1958). In Europe however, there is less information on its 
dis t r ibut ion and biology on Lactuca sp . (Blumer, 1967; Dixon, 1978; 
Crute and Burns, 1983; Lebeda, 198^, 1985a&b). According to 
Boesewinkel (1979, 1980) and Hammett (1977), there is considerable 
information ava i l ab le on the asexual (anamorph) stage of the 
fungus (E. cichoracearum DC. ex. Mera t . ) , but not on the sexual 
(teleomorph) s t age . In Czechoslovakia, Lebeda and Buczkowski 
(1986), reported teleomorph of E^ . cichoracearum on L. serr iola , I.. 
sa l igna and L. aculea ta , and al l these species are found to be 
wild in n a t u r e . While, Crute and Burns (1983) and Crute et_ aj_. 
(1987) reported E. cichoracearum as the pathogen on some pot grown 
cul t ivated lettuce plants (I.. sa t iva cv. Great-Lakes) under 
glasshouse conditions in United Kingdom. Beside, Lactuca sp. they 
also found the anamorph stage of the fungus on Senecio vulgar is 
and Sonchus oleraceous, and the fungus reported was same with 
those found on Lactuca sa t iva . Klemm (1986) also reported E. 
cichoracearum on I.- sa t iva from Germany, and this was reported to 
be the first report of yield losses on lettuce caused by powdery 
mildew. Resistance in Senecio vu lga r i s to E_. fischeri was studied 
by Bevan (1985) in United Kingdom. Out break of powdery mildew 
disease on Cinerar ias for the first time recorded in Scotland and it 
was studied by McDonald (1939). 
In addit ion to jE. cichoracearum, S^. fuliginea was also 
reported on Zinnia and Cosmos sp . (De'Verennes and De'Sequeira, 
1964), out of the L,2 species included in the index of plant disease:? 
caused by the powdery mildews in Por tugal . Plenk £t_ £]_. (1992) in 
Austr ia , reported Oidium chrvsanthemi on Chrysanthemum s p p . . 
while giving a brief introduction to the biology of powdery mildews, 
and the symptoms caused by the fungus on host p l an t s . In the 
Swiss Alps, the number of Erysiphaceae is rap id ly decreasing with 
the increase in al t i tude (Blumer, 1974), some species of Erysiphe 
and Sphaerotheca only occur above the tree limit, anamorph stage 
of E^ . cichoracearum was reported on Hieracium aurant iacum; ^ . 
fuliginea on Aster squamatus and E. mayonii on Cirsium arvense 
and Cicerbita a lp ina for the first time. 
Considerable work have been ca r r i ed out on powdery mildew 
infecting composites in U.S.S.R. (Rud, 1939; Milovtzova, 1937: 
Drozdovskaya, 1980; Puzanova, 1992). Rud (1939) and Drozdovskaya 
(1980) have also confirmed the existence of both the organisms on 
different members of the family Compositae in U.S.S.R. In different 
par t s of Ukraine, Rud (1939) studied the life history of Z_, fuliginea 
on Calendula officinalis, while Milovtzova (1937) determined E^ . 
cichoracearum f. sp . carthami on a medicinal plant (Carthamus 
t inctorius) from the same region. From Moscow Drozdovskaya (1980) 
studied specificity of E^ . cichoracearum to weeds and various other 
medicinal p lan ts (Arctium l appa , Artemisia absinthium, Calendula 
officinalis, Echinops r l t ro , Matr icar ia chamomilla, Senecio 
rhombifolium, _S. platyphylloides and Tanacetum vu lga re ) . Akhundov 
(1982) from the North-East Azerbaijan reported eight genera of 
powdery mildews i . e . Erysiphe, Sphaerotheca, Leveillula, 
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Microsphaera, Phyl lac t in ia , Podosphaera. Uncinula and Trichocladia 
respectively and powdery mildew fungi were found on 233 flowering 
p lan ts belonging to 153 genera and 3^ families, the greatest number 
of p lan t s affected by these fungi belong to family Compositae (20 
species) . But, recently Puzanova (1992), extensively investigated 
powdery mildew on different p lants in Krasnodarskii Kari (South 
U.S.S.R.) and the report revealed that 11 fungal genera with 
Erysiphe and Sphaerotheca are predominant among different fungi, 
found on 150 species, including 50 cu l t iva ted , 36 ornamental and 64 
wild species . Powdery mildew infection of Sunflower is so far new 
and r a r e in this region of U.S.S.R. 
jE. cichoracearum have been reported on various hosts viz. 
Cinerar ia sp . (McDonald, 1939), and Zinnia sp . (Baker and Locke, 
1946) from California, U.S.A. McCarter and Kays (1984), also 
recognized the same pathogen on Jerusalem art ichokes {H. tuberosus 
cv. Mammoth French white) during the growing season in Georgia, 
U.S.A. The adapt ib i l i ty and disease of Jerusalem artichoke was 
also reported by Laberge and Sackston (1987) in Quebec, Canada 
and the pathogen was identified as E_. c ichoracearum. The lettuce 
disease caused by powdery mildew (^. cichoracearum) was newly 
reported by Dhanvantar i and Jarwis (1985) from Ontario, Canada. 
In Argentina Cabrera and Mazzanti (1992) recognized S. fusca 
as the causa l organism of powdery mildew of pot marigold (C. 
officinalis) and both the s tages were reported to present on the 
host p l an t , the teleomorph stage was believed to be the first report 
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in Argent ina. Diaz Franco (19S5) found E. cichoracearum 
pa ra s i t i s i ng Sunflower in Mexico. He found that crops sown in mid 
March, were at tacked by the pathogen, on the other hand infection 
failed to develop on the crops which were sown in late April . 
Gorter and Eicker (19S3, 1986, 1987) carr ied out extensive 
studies of the powdery mildews in South Africa. In 1983, for the 
first time they reported the teleomorph stage of E_. cichoracearum 
(on Zinnia sp . and Dahlia sp . ) and S^. xan th i i (on Bidens formosa) 
from South Africa. On the bas i s of morphological charac te rs and 
germination pat tern of conidia, they (Gorter and Eicker, 1986, 1987) 
also described six new species of Erysiphaceae i . e . Sphaerotheca 
fusca, _S. fugax, Microsphaera begoniae, Oidium indigophera, 
Phyl lact in ia gut ta ta and Podosphaera t r idac ty la which were new 
from South Africa. Recently, Gorter (1989) has given a 
classif icat ion of the Erysiphaceae with special emphasis on the 
anamorph charac te rs of var ious powdery mildews. El-Kazzaz et_ aj_. 
(1992) in Egypt also carr ied out a s imilar studies in which they 
surveyed the powdery mildews in different pa r t s of the Egypt on 
var ious economically important p lan t s and taxonomically classified 
the family on the basis of anamorph c h a r a c t e r s . iE. cichoracearum 
is known to infect 13 species of Chrysanthemum including C. 
carinatum (Blumer, 1967), Khan and Faraj (1982) reported this 
pathogen on C. carinatum in Libya, s imilar ly this pathogen was 
also reported by several workers on different p lants in Libya 
(Anon, 1968; Pucci 1963). While, Khan and Mussa (1979) reported 
its existence on Amberboa l ippi i in teleomorph s tage. It was also 
reported on Hedypnois cre t ica , H. polymorpha, Sonchus oleraceous, 
Conyza bonar iens is and Zinnia elegans in Libya (Khan, 1980). ^ . 
fuliginea is reported to exist in Libya on a number of p lants 
(Khan, 1981; Khan and F a r a j , 1982), but the record of this 
pathogen on Bidens bipinnata is new to Libya (Khan, 1982). 
In Japan Yukihiko (1975. 1980) reported E. cichoracearum on 
Artemisia vu lga r i s va r . Indica maxima and Chrysanthemum boreale; 
S. fuliginea on H. annuus . While Hou and Lee (1981) observed ^ . 
fuliginea r a the r than ^ . cichoracearum on Dahlia p innata in 
Taiwan. There are several reports of occurrence of powdery mildew 
from China on different members of Compositae. In 1988, Yang 
reported the disease of cul t ivated Sunflower in Liaoning province 
and the causa l organism of th is disease was identified as E_. 
cichoracearum. 
E^ . cichoracearum is mentioned to occur in Afghanistan, I r an , 
Lebanon, Nepal and Sri Lanka whereas, S^. fuliginea is recognized 
in Turkey and U.S.S.R. Both species a r e , however, known to occur 
in I s rae l (Amano, 1986). Powdery mildew of Compositae in 
Thai land, Pak i s t an , I r an , Lebanon, Hongkong, Java and Mauritius 
is referred to as Oidium sp . (Amano, 1986), perhaps due to the 
lack of proper investigation in these countr ies . E_. cichoracearum 
and _S. fuliginea are reported to infect Compositae members in 
different s ta tes in India . Patel et_ a]_. (1949) reported E. 
cichoracearum on II. annuus from Maharasht ra s ta te . While 
Patwardhan (1964); Raut and Kale (1978) reported S. fuliginea as 
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the causa l organism of Sunflower powdery mildew from the same 
s t a t e . Their identification is based on both anamorph as well as 
teleomorph c h a r a c t e r s . Powdery mildew of Safflower (C. t inctorius) 
caused by E. cichoracearum was reported by Saluja and Bhide 
(1962) in Maharasht ra s t a t e . While Prasada et_ aj[. (1968) identified 
S. fuliginea on 11. annuus as a powdery mildew pathogen from 
Rajasthan s t a t e . An annual ornamental p lant (Dimorphotheca 
s inua ta) was observed to be at tacked by powdery mildew in 
Rajasthan and the pathogen was identified as S^. fuliginea (Mathur 
£t_ a]_., 1971). Jhooty (1965) from the s ta te of Punjab identified S. 
fuliginea on Sunflower (11. annuus ) . On the basis of anamorph 
cha rac te r s , Saxena and Saksena (1981), recognized ^ . cichoracearum 
on Dahlia v a r i a b i l i s from the state of Madhya Pradesh. 
In 1982, Paul and Munjal reported E_. cichoracearum on 
Artemisia scoparia and _S. fuliginea on Erigeron bonariensis from 
the state of Himachal Pradesh. Paul and Pal (1987) from the same 
state found S^. fuliginea v a r . gal insogae on Gallnsoga parvi f lora . 
Powdery mildew of Inula recemosa a medicinal plant from Kashmir 
state was described by Narain and Saksena (1974), the pathogen on 
this plant was identified as ^ . cichoracearum when both the stages 
of the fungus were studied careful ly. 
Sr ivas tava and Rawat (1982) reported a new disease of 
Anaphalis contorta from Garhwal Himalayas, Uttar Pradesh, they 
identified the pathogen as _S. fuliginea after studying all the 
charac te r i s t i cs of the fungus. Powdery mildew on wild composite 
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Xanthium strumarium was recognized as Eryslphe sp . by Jain (198Z; 
from the state of Uttar Pradesh . Recently, Perwez and Akrarn 
(1987) have recorded Vernonia c inerea , a new host for E.. 
cichoracearum from Aligarh, Uttar Pradesh. 
Leveillula taurica 
The geographical dis t r ibut ion of Leveillula taur ica cr. 
different members of the family Compositae is reported only from fev 
countr ies . Its population centres in Asia, Africa and Europe. Bu: 
found less frequently in Americas and occassionally in Pacific 
(Table Zt). Seventy three genera of this family have been reported 
as the hosts of Leveillula from Western and Central Asia and the 
Mediterranean region but a least number of Compositae plants are 
recorded from India , Pakis tan and China, chiefly on Safflower anc 
Artichoke (in a total of 17 host g e n e r a ) , in the Sudan and 
Sub-Sahara Africa (9 gene ra ) , in the Pacific (only on Artichoke in 
New Caledonia) , on Cynara cardunculus and three weeds (Heliopsis. 
Sonchus and Xanthium) in California (Pa l t i , 1988). Occassiona". 
records were made in Europe, sometimes under glasshouse 
condit ions. Laudanski et a l . (1957), while studying on powdery 
mildew of Artichoke in Tunis ia , found that in each pa i r of leaves 
the lower and older one are always affected before the upper and 
younger ones. Saad et a l . (1972) in Lebanon found Safflower (C. 
t inctorius) crop, which were severely a t tacked by this pathaogen. 
Durrieu and Rostam (1984) reported the disease in France and 
dis t inguished it into two species of Leveillula namely L. lactucarurr. 
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and L. p icr id is infecting composites. Among these two L. 
lactucarum affects the species of Lactuca and Chondril la . while, L. 
picr idis paras i t i ze the species of P ic r i s . Leveillula mildew appear 
to be dynamic in na tu re , spreading constantly to new regions anc 
new hosts . It also seem to increase in pathogenic intensity or. 
cer tain crops . Wheather or not this is due to the introduction c: 
new crop var ie t ies and cu l tu ra l prac t ices . In India , J., taurica ir. 
conidial stage was first reported from Rajasthan s ta te . Mathur e^ 
a l . (1971) reported I., t au r ica on Tridax procumbens and Prasada ej^ 
a l . (1971), found it on two species of Chrysanthemum i . e . C. 
carinatum and C. segetum. 
Peri thecial formation in Leveillula is genera l ly believed to be 
ra ther ra re and the genus has mostly been reported in its conidia". 
stage al l over the world. Perithecia of L. t au r i ca was reported by 
Traimer (1963) on Cynara cardunculus and on Chondrilla juncea and 
Picris spinulosa by Rostam (1983) in France . In Italy Ciccarone 
(1955) reported peri thecia on C. scolymus. Beside Europe, 
per i thecial s tage of I., t au r ica have also been reported from Is rae l , 
Lebanon, India (Asia) and Tunisia (Africa) (Table 7) . In India, 
Paul and Kapoor (1982) reported peri thecia of 1.. taur ica on Senecic 
chrysanthemoides from Kashmir s ta te . Mathur et^  aj^. (1971) from the 
state of Maharash t ra , recognized Leveillula t au r i ca (Lev.) Arn. on 
Tridax procumbens by studying the anamorph characters of the 
fungus. 
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Oidium s p p . 
The anamorph (conidial) state of var ious powdery mildews are 
not uniform. They show a remarkable va r i a t ion . The conidial 
stages provides outstanding charac ter i s t ics for the differentiation of 
species as well as genera (Boesewinkel, 1977). There are reports 
of conidial s tages of powdery mildew as Oidium spp. on various 
host p lan ts (Braun, 1980), which clearly indicates that the species 
involved could not be determined. In I s r ae l , Eshed (1975) observed 
Oidium type on Bellis perennis , Chrysanthemum coronarium, while 
Oidiopsis type on Gerbera jamesonii . Koike _et_ aj^. (1988) reported 
Gazania as the host for Oidiopsis t aur ica in California, U.S.A. 
Grigalyunaite and Shpokauskene (1982) es tabl ished the identity of 11 
species of Oidium paras i t i s ing 3^ species of decorative plants in 
U.S.S.R. Among them a type species Oidium chrysanthemi was 
reported on Chrysanthemum sp . Recently, Plenk ex_ a]_. (1992) 
reported the same species on various Chrysanthemum spp. from 
Austr ia . 
In Ind ia , Bhatnagar and Kothari (1966), for the first time 
reported Oidium xanthami on Xanthium strumarium. Oidium species 
has also been reported on Galinsoga parvif lora and Coreopsis sp . 
from the s ta te of Himachal Pradesh by Paul and Munjal (1982). 
Deshpande and Kore (1980), described Oidium sp . on Chrysanthemum 
carinatum in Maharashtra s ta te for the first time. Various type 
species have also been reported in different state of Ind ia . From 
Aligarh, Uttar Pradesh, Perwez and Akram (1989) reported the 
Qidium sp . on Gamolepis tagetes , while Singh and Singh (1977i 
recognized Oidium agera t i on living leaves of Ageratum conyzoides 
from the same s t a t e . 
Values of anamorph (conidial) characters in the 
identification of powdery mildew of Compositae 
Due to infrequent findings of teleomorph (peri thecial) s ta te , 
the anamorph (conidial) state is taken as an especially important 
cha rac te r . The teleomorphs have limited value in identification of 
powdery mildews because most collections do not contain them. Some 
charac te rs of anamorph state have however, been suggested useful 
for identif ication of powdery mildews such as E^ . cichoracearum, _S. 
fuliginea and L. taur ica infecting different members of Compositae 
(Salmon, 1900; Yarwood, 1978; Boesewinkel, 1977, 1980; Amano, 
1986). Characters which are considered in taxonomy of the powdery 
mildew on var ious composites are briefly given below. 
Mycelium 
The mycelium of E. cichoracearum and _S. fuliginea is 
ectophytic, consist ing of a network of colourless hyphae abundant ly 
present on the surface of the infected pa r t s of the hosts. While in 
h' t au r ica the mycelium is endophytic, spreading between the 
mesophyll cells of the leaves . This is a differentiating character 
of I., t au r i ca from the other species. The white (hyaline or 
colourless) parasitic mycelium on the surface of living leaves st i l l 
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dis t inguishes the powdery mildews from other fungi. 
Conidiophores 
The white powdery appearance of mildew is due to mycelium 
and hyal ine conidia which borne on the conidiophores. The 
conidiophores of E. cichoracearum and S. fuliginea are unbranched 
or branched, bear ing a chain of conidia, while those of L,. t au r ica , 
it often branched with two types of conidia (navicular and 
cy l ind r i ca l ) . Conidiophores of I., t au r ica emerge through stomata. 
These charac te r s of conidiophores are useful in differentiating I.. 
t aur ica from E^ . cichoracearum and _S. ful iginea. The pr incipal type 
of conidiophores are those with swollen and unswoUen basal cell , 
twisted and untwisted basa l cell , conidia borne singly or in 
cha ins , with fibrosin bodies or without fibrosin bodies and conidia 
of var ious shapes (Yarwood, 1973). 
Conidia 
Shape and size of conidia are believed to be utilized in 
taxonomy of the species (Allison, 1934; Weltzein, 1963; Clare, 1958; 
Jhooty, 1967). 
Shape - Shape of the conidia is general ly utilized to 
dis t inguish different genera of powdery mildews involved in the 
development of the d isease . The shape of conidia of E. 
cichoracearum is ba r re l like and s l ight ly cy l indr ica l , whereas, those 
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of _S. fuliqinea is e l l ipso ida l . While L. t au r i ca produces navicular 
and cy l indr ica l conidia . 
Size - The size of conidia is often used in the taxonomy of 
powdery mildews and it is fair ly constant for a given host in a 
given environment (Blumer, 1922). But it seems doubtful because 
the size of conidia are grea t ly influenced by temperature, relative 
humidity, hosts nu t r i t iona l value (Zwirn, 19-^ 3) and undetermined 
factors (Yarwood, 1957). 
Fibrosin bodies 
Well developed fibrosin bodies (Zopf, 1887) occur in the 
conidia and conidiophores of _S. fuliginea but are absent in E. 
cichoracearum (Ballantyne, 1963; Clare, 1964; Nagy, 1970). This 
character is very useful and seems to be highly reliable for 
dis t inguishing _S. fuliginea from E^ . cichoracearum. According to 
Yarwood (1978), presence or absence of fibrosin bodies in conidia 
and their number a re influenced by environmental factors, age of 
the host as well as the species of Sphaerotheca involved. 
Germination of Conidia 
Clare (1964) and Zaracovit is (1965) dist inguished powdery 
mildews by the method of germination of the conidia . Conidia of _S. 
fulii:inea produce forked germ tubes, while those of E. 
cichoracearum produce simple germ tubes with well developed 
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appressor ia . For powdery mildews, the germination of conidia i: 
one of the few charac ters which can be studied apar t from the host. 
Identification of the pathogen in the absence 
of teleomorph (perithecial) state 
Identification of powdery mildew of any plant in the teleo-
morph (per i thecial) state is easy but it is ra re ly formed. Ther. 
identi ty are based on anamorph (conidial) cha rac t e r s . Anamorph 
charac te rs of E. cichoracearum and _S. fuliginea exhibit grea: 
s imi lar i t ies . Conidia in both the pathogens are born in long 
chains on same type of conidiophores. There is no distinction in 
symptoms of the disease caused by them on members of Compositae. 
This s i tuat ion has great deal of confusion regard ing identity of the 
species responsible for powdery mildew on Compositae in different 
pa r t s of the world, in different a reas or with in the same area in 
a given country. 
A scheme for classif ication of powdery mildew based on coni-
dial charac te r s was proposed by Sawada (19K) . The characters 
recognized as most useful in identification were, formation of 
conidia singly or in cha ins , shape and dimension of conidia and 
conidiophores, presence or absence of fibrosin bodies. Yarwood 
(1957) proposed that the method of germination of conidia is also a 
dis t inguishing charac te r , though it perhaps may not be recommended 
for taxonomic purposes. He however, devised a key based on 
conidial charac te rs for the identi ty of genera and species of 
powdery mildews in the absence of teleomorphs (Yarwood, 1973). 
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Boesewinkel (1977, 1980) in his key for identification cf 
powdery mildews considered more than twelve morphological 
charac te rs including presence or absence of fibrosin bodies, the 
size, shape and germination pat tern of conidia. Ballantyne (1975). 
while examining, a large number of samples collected from differen: 
par t s in Austral ia establ ished that E^. cichoracearum can be readi ly 
dis t inguished from S. fuliginea by uti l izing conidial cha rac te r s . 
Conidial germination charac te rs have been successfully adopted 
by var ious workers in differentiating powdery mildews. Hashioka 
(1937) and Hirata (1955) observed that _S. fuliginea was unique ir. 
producing forked germ tubes . While Zaracovit is (1965) suggested tc 
use the morphological charac te rs of conidial germination for 
identifying powdery mildews. He reported that conidia of E. 
cichoracearum on germination produce simple germ tubes with thick 
walled c lub-shaped appressor ia , whereas, those of _S. fuliginea 
produce no well developed appressor ia and a number of conidia 
produce forked germ tubes . 
Zopf (1887), first reported fibrosin bodies from the conidia 
and conidiophores of Podosphaera oxyacanthae . These bodies were 
also regarded va luable in taxonomy of powdery mildews by Foex 
(1912, 1925). Bouwens (1927), Blumer (1933), and Homma (1937i 
considered presence or absence of fibrosin bodies valuable in 
d is t inguishing conidial s tages of E^ . cichoracearum and _S. fuliginea 
on different p l an t s . Hashioka (1937), Sawada (1959), Clare (1958, 
196.i), Boercma and Van Kesteren (1964), Kable and Ballantyne 
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(1963) and Ballantyne (1963, 1975) have recognized the significance 
of fibrosin bodies in differentiation of _S. fuliginea and F^. 
cichoracearum. 
Bouwens (1924), Clare (1958), Boerema and Van Kesteren (1964) 
and Jhooty (1967) considered that dimension of conidia are of 
taxonomic importance for these species. Yarwood (1957, 1978), 
however, expressed doubts about the u t i l i ty of dimensions of conidia 
in the i r taxonomy as these features are grea t ly influenced by a 
number of factors including temperature, re la t ive ly humidity, host 
and i ts nut r i t ional s t a tus . Nagy (1970) and Jhooty (1967) concluded 
that in general conidia of E_. cichoracearum are much longer than 
those of ^ . ful iginea. Nagy (1970) used the conidial dimensions as 
a charac te r of differentiation and found tha t the length-width rat ios 
of the two species were s ignif icantly different, Schlosser (1976b) 
recommended the determination of fibrosin bodies as a s tandard 
procedure of differentiation of the two species . Sitterly (1978) 
suggested that conidial charac te rs can be used for positive 
identification of the causal organism for the purpose of eliminating 
taxonomic confusion. 
In the absence of per i thecia , the identi ty of the powdery 
mildew of Compositae was es tabl ished in a number of countries 
based on conidial measurements, germination r a t e s , presence or 
absence of fibrosin bodies and number of fibrosin bodies per 
conidium. Hasan (1974) in France, Eshed (1975) in I s rae l , 
Boesewinkel (1979) in New Zealand, Braun (1980) in Germany, Khan 
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and Faraj (1982) in Libya, Crute and Burns (1983) in United 
Kingdom, Tanaka _e^ aj[. (1986) in Japan have established the 
identi ty of powdery mildews on various members of Compositae on 
the bas i s of conidial cha rac t e r s . 
Environmental relationships in the Powdery mildews 
The effect of different environmental factors on powdery 
mildews have been extensively studied by Graf- Marin (1934). 
Cherewick (1944), Yarwood (1957) and Schnathorst (1965). Yarwood 
(1957) and Schnathorst (1965) reviewed the environmental factors on 
powdery mildew diseases . It was claimed that the development of 
powdery mildew in general was favoured by warm humid weather 
(Anonymous, 1946, 1950). Steiner (1908) and Tucker (1852) reported 
that greenhouse conditions were conducive as agains t out door 
conditions and also hot dry weather (Wager, 1937). Out of the 
various environmental factors, temperature and re la t ive humidity 
have been reported to have a profound effect on powdery mildew 
development. 
The ca rd ina l temperature for germination of conidia of dif-
ferent s t ra ins of E^ . cichoracearum ranged between 5-33°C (Levykh, 
1940; Deslandes, 1954; Rossouw, 1959; Schnathorst , I960; Morrison, 
1961, 1964 and Tafradzhi iski , 1963), for infection and growth of the 
powdery mildew it also ranged between 5-33°C (Levykh, 1940; 
Deslandes, 1954; Minev, 1957; Rossouw. 1957, 1959 and Schnathorst, 
i960). Conidial germination of E^ . cichoracearum from lettuce was 
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highest at 18°C (Schnathorst, I960). The ca rd ina l temperature for 
infection of powdery mildew was 6-10°C (minimum), 18°C (optimum) 
and 27°C (maximum) respect ively. 
Another important environmental factor is moisture which 
influence the germination of conidia, infection and growth of 
powdery mildews. Heavy infection of E_. cichoracearum on tobacco 
has been observed in the field at high water level . (D' Angremond, 
1924). Corner (1935) reported that the conidia of E_. graminis, 
Podosphaera leucotr icha, _S. pannosa and E^ . cichoracearum 
succumbed when remained in water for 1-3 hours ; however, floating 
conidia germinated readi ly after 24 hours and produced straight 
germ tubes . 
Related to the environmental factors, the more controversial 
aspect is re la t ive humidity. It also p lays an important role for 
the germination of conidia . Hashioka (1937) found that conidia of 
_S. fuliginea from cucumber germinated between 15-18 per cent 
re la t ive humidity. The surv iva l of conidia was 14 days at 76-80 
per cent, 24 days at 93-98 per cent re la t ive humidity and for 38 
days in a sa tu ra ted atmosphere. Tafradzhiiski (1963) reported that 
conidia of the same host of ^ . fuliginea germinated best at 94 per 
cent re la t ive humidity but they failed to germinate in drops of 
water . 
According to Levykh (1940), there was no development of 
symptoms when tobacco plants inoculated with E^ . cichoracearum 
exposed to 10 per cent relat ive humidity at 1S-19°C. However, the 
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symptoms appeared at IQ-lS per cent re la t ive humidity and was 
optimum for infection and sporulation in powdery mildew pathogens. 
Minev (1957), Schnathorst (I960), Morrison (1961, 1964) and 
Tafradzhi iski (1963) reported that the germination of E^ . 
cichoracearum from tobacco occurred s l ight ly below the sa tura t ion . 
Optimum re la t ive humidity ranged between 66-68 per cent for tobaccc 
s t ra ins (Minev, 1957); 95.6-98.2 per cent for lettuce s t ra ins 
(Schnathorst , I960) and 94 per cent for cucurbit s t rains 
(Tafradzhi iski , 1963). Germination of conidia was also observed ir. 
calcium chloride chamber at 0.1 per cent re la t ive humidity by 
Morrison (1961 and 1964) and Schnathorst (I960). On the other 
hand, Rossouw (1959) reported the germination oi conidia both at C 
and 100 per cent relat ive humidity. Corner (1935), Minev (1957). 
Morrison (1961 and 1964) and Tafradzhiiski (1963) observed that the 
free water inhibited the germination of conidia, while Deslandes 
(1954) reported that the conidia of Lettuce s t ra ins of E. 
cichoracearum were able to germinate in free water . Schnathorst 
(I960) observed that moisture s t ress gave highest germination of 
conidia of lettuce s t ra ins of ^ . cichoracearum. The development of 
powdery mildew was most affected by temperature but a atmospheric 
humidity influenced the rap id i ty and severi ty of disease 
development. Highest germination of conidia of Leveillula taur ica 
from Cynara annuum was achieved at 100 per cent relat ive humidity 
(Clark and Ayesuoffei, 1967). At low humidity, there was only a 
decline in germination but a reduction in mean germ tube length. 
Morrison (1964) obi^erved that the free water on leaf disc surface 
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inhibi ted the germination of conidia of large number of powdery 
mildew fungi but high re la t ive humidity favoured the germination. 
Nour (1958) studied the effect of different relat ive humidities on 
percentage germination of conidia of various powdery mildew fungi. 
It had been claimed that both infection and incidence of 
powdery mildews were severe under dry conditions ra ther than wet 
climatic conditions (Wager, 1937; Anonymous, 1946; Boughey, 1949; 
Pal t i , 1953). D'Angremond (1924), Blumer (1927), Deslandes (1954) 
and Morrison (1961) reported that high re la t ive humidity favoured 
incidence of powdery mildew. Brisley (1926), Beeley (1932), Moore 
(1936), Fisher (1938), Bremer (1940) and Par r i s (1949) were also of 
the opinion that overhead i r r iga t ion favoured the development of 
powdery mildews. Schnathorst (1959) reported that the growth of 
mycelium was abnormal, when a film of moisture was present on the 
surface of epidermis. Yarwood (1939), Schnathorst (1959) and 
Morrison (1961), on the other hand, reported that the film of free 
water did not favour the development of the powdery mildews. An 
observation was made by Salmon (1903), Yossifovitch (1923) and 
Moseman and Powers (1957), tha t the free water was essential for 
the maturation of the ascospores. Disease epidemics on artichoke 
(11. tuberosus) was associated with limited ra infa l l and decreasing 
autum temperature , cu l t ivars which had almost entire leaf blades 
and no spines , were more res i s tan t than those with lobate leaves 
(Ciccarone, 1953). 
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Different environmental factors also influence the production of 
peri thecia (Yarwood, 1957). Buchheim (1928) and Blumer (19^8) 
reported that low relat ive humidity favoured the formation of 
per i thec ia . Similarly, Bioletti (1907) reported that generally low 
temperature favoured the development of peri thecia in powdery 
mildews. On the other hand, Cherewick (19A4), Arya and Ghemavat 
(1953) reported that in E. graminis , formation of perithecia and 
ascospores was favoured at a l t e rna t ing moderate and low 
temperatures . Schnathorst (1959) reported that the formation and 
maturation of peri thecia was also a matter of time rather than 
cyclic changes in temperature or a l te rna te wetting and drying . 
Bessey (19^3) and Yarwood (1957) reported that amongst the 
different climatic factors, temperature appeared to be more 
important for per i thecia l formation. 
Severity of powdery mildew is di rect ly related with plant 
vigour and that any soil or other factor which promote plant 
vigouri ty (Arnaud and Arnaud, 1931; Smith and Blair, 1950). 
Trelease and Trelease (1928) and Mansson (1955) found that low 
nitrogen and high potassium reduced the development of mildew. 
Cole (1963, 1966), on the other hand reported that the plants grown 
in water cul ture fortified with al l the elements which were more 
susceptible to E^ . cichoracearum, than those grown in low potassium 
and nitrogen level . 
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Host range and Host specialization 
The identi ty and systematic position of the host plant is of 
help in identif icat ion, especially in case of species for which the 
host range is well known. The host range of many species, 
however, is incompletely known, due to the lack of new host 
recordings . A small number of species is known to have a wide 
host range , for example, E_. polyphaga (Hammarlund, 1945) and S_. 
fuliginea (Blumer, 1967), which occur on p lan t s of many different 
and often unrela ted families. I., t aur ica is general ly thought tc 
have a wide host range (Blumer, 1967), but Golovin (I960) divided 
it into 19 species which were named after the plant family on which 
they occurred. 
While a large number of species is thought to be restricted tc 
one or a few closely related families, the majority of species is 
considered to have a narrow host range (Boesewinkel, 1979a) and 
the identi ty of their host faci l i tates ident if icat ion, especially when 
only one species of powdery mildew is known to occur on the host. 
Powdery mildew fungi have wide host r ange , Salmon (1900) in 
his "Monograph of Erysiphaceae" listed about 1500 species as the 
hosts of powdery mildews. Weiss (1950) observed powdery mildews 
on 1340 hosts , out of. 3100 host species, shown in U.S.D.A. index of 
plant d i seases . Blumer (1967) observed powdery mildews on 1928 
plant species belonging to different families of Angiosperms. Amano 
(1986) mentioned the host p lants of powdery mildew fungi and listed 
9S3S Angiosperm species dispersed in 1617 genera , 169 families and 
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kU o rde rs . Neither Gymnosperms nor Pteridophytes are included. 
The total Angiosperm species are about 220,000 in number, as 
calcula ted from A. Engler ' s syl labus der Pflanzenfamilien, 12th 
edit ion, 1967, the host species correspond to about U.^ per cent of 
them. 
The host species are divided into 9176 Dicotyledons and 
occupying 93 per cent of the to ta l , while 662 p lants are 
Monocotyledons. Among 662, 63A are members of Graminae and 28 
are dispersed among seven other families. 
There are three families hav ing no host p lants e .g . 
Aizoaceae, Theaceae and Melastomataceae. Some families having 
only one or a few host species e . g . Nyctaginaceae, Portulaceae, 
Piperaceae, Polygalaceae and Myrsinaceae. While families having 
many or at least several dozens of host species are also not r a r e . 
The following 19 families have more than hundred host species -
Betulaceae, Boraginaceae, Caprifoliaceae, Compositae, Cruciferae, 
Ericaceae, Euphorbiaceae, Fagaceae, Gramineae, Labiatae, 
Leguminosae, Polygonaceae, Ranunculaceae, Rosaceae, Salicaceae, 
Saxi f ragaceae , Scrophulariaceae, Solanaceae and Umbelliferae. 
Among these famailies Gramineae, Rosaceae, Leguminosae and 
Compositae have 634, 694, 1022 and 1708 number of host species 
respect ively . 
Different s t ra ins of the same species may vary great ly in 
their host range (Schmitt, 1955). Schmitt found that the s t ra in of 
Eryslphe cichoracearum on Zinnia has a grea te r host range than the 
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forms on Inu la , Cerianrhe, Helinathus, Phlox or Cucurbits. The 
great v a r i a b i l i t y of _E. cichoraceavum is further emphasized by the 
findings that forms on Cucumber and Sunflower will cross infect 
(Reed, 1908) and sometimes will not (Schmitt, 1955). Isolates of E. 
cichoracearum from Sunflower, Squash, Hollyhock, Dahlia, Lippia, 
Picr is , and Nicotiana in Berkeley, California, infected Cucumber 
(Yarwood, 1956), though not equa l ly . The greates t experimental 
host range of a single isolate of a powdery mildew is that of E^ . 
polyphaga, which has infected 89 species in 21 families 
(Hammarlund, 1945). 
Kenneth and Palt i (1984), while studying on distr ibution of 
powdery mildews over different t r ibes of Compositae in Israel found 
tha t , of the numerous genera of Erysiphaceae, only Erysiphe, 
Sphaerotheca and Leveillula are common on hosts in the family. In 
addit ion, r a re cases have been recorded of Uncinula on two host 
genera (Aster, Dahl ia) , of Microsphaera on Bidens, and of 
Phyl lact inia on Rudbeckia. According to them, Erysiphe species 
attack the la rges t number of Compositae genera (133 genera ) , 
followed by Sphaerotheca (76 gene ra ) . 
In France , Hasan (1974), studied host specialization of E. 
cichoracearum from skeleton weed, Chondrilla juncea . Plant species 
comprising a number of cichoraceous p lan ts closely related to 
Chondril la, and cultivated p lan ts belonging to 23 families 
pa r t i cu la r ly including the cul t ivated Compositae, Cucurbitaceae, 
Solanaceae and Leguminosae, on which forms of this fungus have 
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been recorded, were inoculated with conidia of the mildew. 
Moreover, three cul t ivars of a l l cul t ivated species recorded as hosts 
of any form of E_. cichoracearum were tested. The powdery mildew 
from C. juncea did not develop on any of these p l a n t s . Yukihiko 
(1975), in Japan carr ied out a similar experiment in which isolate 
of E. cichoracearum from Artemisia vu lga r i s v a r . Indica Maxima 
cannot paras i t i ze A^ . japonica, whereas, isolate of _S. fuliginea from 
Impatiens balsamina infects 11. annuus . Tanaka et_ al_. (1985) 
studied on powdery mildew of Carthamus t inctor ius which was found 
for the first time in North Japan . The causa l organism was 
identified as _S. fuliginea and was proved by inoculation 
experiments to be virulent to Arctium lappa beside Carthamus 
t inc tor ius , out of 27 host species of different families which were 
inoculated. 
Cross inoculation experiments between species of three genera 
in the family Compositae have been car r ied out by Rostam (1983). 
Inoculum from Picris spinulosa, Chondrilla juncea and Lactuca 
viminea was inoculated on each of these hosts , but in every case 
only the or iginal host was infected. The inoculum from L. viminea 
also failed to infect two other species of Lactuca. Successful 
interspecific cross-infection between Cynara scolymus the artichoke 
and C. cardunculus has been car r ied out by Ciccarone (1955) and 
Traimer (1963). As regards inter family cross infection, it is 
apparen t , that inoculum from Compositae hosts of Leveillula is 
capable of infecting plants in the Solanaceae (Capsicum s p . , 
Lycopersicum sp . ) and Leguminosae (Onobrychis s p . ) . Of special 
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pract ical importance is the potential of Leveillula inoculum from 
artichoke to infect pepper; this has been demonstrated to be the 
case in France (Traimer, 1963), but cross-infection between these 
hosts have failed in I ta ly (Ciccarone, 1955) and in Lebanan (Saad 
_e£ a l . 1972). 
Varietal res is tance 
Control of powdery mildews by res i s tan t var iet ies (cul t ivars) 
has been as successful and also as disappoint ing as the control of 
other disease by this means. Varieties of grape (Arnaud and 
Arnaud, 1931), wheat (Mains, 1934), bean (Dundas, 1941) and many 
other crops, r e s i s t ana t to mildew are known, and hydridization to 
incorporate res is tance into new and commercial cul t ivars is 
extensive. Sometimes a res is tant var ie ty suddenly becomes 
susceptible, and the explanation is usual ly that a new strain of 
the pathogen has appeared (Jagger _et_ al_. 1938). The mechanism cf 
the origin of new paras i t i c s t ra ins of powdery mildews is l i t t le 
unders tood, but presumably the problem is the same with mildews 
as with other p lant pathogens (Christensen and Daly, 1951). 
Resistance to powdery mildew has been inva r i ab ly corelated with 
frequency of ha i r s on plant pa r t s and with high osmotic pressure of 
the cell sap (Homma, 1937). It is an a t t r ac t ive hypothesis that 
resis tance to powdery mildew, or to any other plant pathogen, 
depends upon the presence in the res i s tan t plant of specific 
chemicals which are toxic to the pathogen. Most of the plants are 
res is tant to mildews as well as to most other pathogens, but 
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resis tance to one pathogen is not well es tabl ished with resistance tc 
another . Since 1950, Schnathorst and colleagues have worked 
extensively on E. cichoracearum infecting lettuce in California, 
U.S.A. The pathogen s t ra in responsible for outbreak on cult ivated 
lettuce (L. sa t iva) since 1951, is physiologically distinct from the 
Salinas val ley wild lettuce s t r a in , it is pathogenic to the cul t ivatec 
lettuce va r i e t i e s . Infection have occurred in most years since 1951. 
in some instances leading to severe damage (Schnathorst _e^ a l . , 
1958). Blumer (1933) cited two outbreaks in Europe (1913 and 19U 
but only the Oidial stage was seen. In U.S.A. the disease is nov 
spreading North and South of the Sal inas valley and may have 
reached Arizona (Snyder _et_ al_. 1952). Anon (I960) reported the 
disease in Michigan, while Chorin and Pal t i (1962) in Israel and 
Hirata (1966) cited the disease in France, Greece, Switzerland and 
the U.S.S.R. Susceptibili ty in cu l t iva r s of Lactuca spp. was 
described by Schnathorst and Bardin (1958), none of the crisphead 
or non heading leafy types were res i s tan t and only butterheads 
such as Arctic k ing, Big Boston, Salad Bowl and Bath Cros; 
possessed res i s tance . 
In Tunis ia , Laudanski _et_ a_l_. (1957) studied, artichoke crop 
which incurs most severe losses from the attack of Leveillula 
mildew,may suffer pronounced reduction in the size of the plant a? 
well as the qual i ty of its y ie ld , especial ly where the crop is held 
over for a second season, but there are considerable differences ir. 
the suscept ibi l i ty of various c u l t i v a r s . 
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A number of c u l t i v a r s of d i f ferent Compositae members a re 
grown in d i f fe ren t p a r t s of the world i n c l u d i n g I n d i a . New 
c u l t i v a r s a r e r e g u l a r l y b r e d and i n t r o d u c e d for commercial 
c u l t i v a t i o n s . Since the r e sponse of d i f fe ren t c u l t i v a r s of Compositae 
to d i f fe ren t spec ies of powdery mildew a r e l i k e l y to be v a r i a b l e , 
so, i t is e s s e n t i a l to know the occu r rence of spec ies of powdery 
mildew in a g i v e n a r e a for success fu l c u l t i v a t i o n of v a r i o u s p l a n t s 
of the family Compositae v u l n e r a b l e to a t t a c k by powdery mi ldews. 
Chemical control 
The s e r i o u s economic damage due to powdery mildews may be 
mani fes ted a s d i r ec t f a l l in y i e l d , a s a s u p p r e s s i o n or d i s to r t ion of 
p l a n t g r o w t h , a s s p o i l a g e of f ru i t s or a s d i s f igurement of 
o r n a m e n t a l p l a n t s which in longer terms affects the y i e l d . To make 
p l a n t s free from powdery mildews v a r i o u s t y p e s of fung ic ides are in 
con t inuous u s e . Because of t h e i r s u p e r f i c i a l pos i t ion on p l a n t s , 
powdery mildews can be more r e a d i l y c o n t r o l l e d t h a n can most 
p a r a s i t i c fungi (Yarwood, 1973). The f i r s t s e r i o u s a t t empts to stop 
damage c a u s e d by powdery mildews were p r o b a b l y made in the e a r l y 
n i n e t e e n t h c e n t u r y , when s u l p h u r d u s t i n g came in to use for the 
con t ro l of mildew on f ru i t t r e e s . Since t h a n the u sage of 
f ung i c ide s a g a i n s t powdery mildews h a s i n c r e a s e d enormous ly . 
Cros ier a n d Szkolnik (1956) found t h a t f u n g i c i d a l cont ro l was 
g r e a t e r on weak t h a n on v i g r o u s host p l a n t s . 
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The value of other methods of control, such as plant ing 
res i s tan t cu l t i va r s , pruning and burning mildewed shoots, anc 
removing volunteer host p lan t s , has also been increasingly 
recognized. However, it is the application of chemicals, that forms 
the p r inc ipa l defence agains t powdery mildews throughout the world. 
Powdery mildews can thus be controlled by protective, 
e radicant and therapeut ic appl ica t ions . Usually the same fungicide 
can act in al l three ways from the same appl ica t ion . For example, 
when sulphur dust is applied to control grape powdery mildew, it 
will ki l l spores which are a l ready present but which have not 
caused infection (e radica t ion) , it will k i l l spores which 
subsequently a r r ived on the dusted vines (protect ion), and will kiT. 
the mycelium of establ ished infections ( t he rapy) . 
In Ind ia , the powdery mildew has been reported to occur 
every year on different members of the family Compositae and cause 
enormous losses to ornamental p l an t s . Various workers reported the 
effect of different fungicides like Karathane EC (-48 per cent 
1-methyl-heptyl) phenylcrotonate, Bavsitin (50 per cent 2-methoxy-
carbamoyl) benzimidazole) and Morestan (25 per cent 
6-methyl-quinoxaline-2, 3 . dithiocarbonate) on different plants 
mostly other than Compositae, Pathak and Joshi (1972) found 
Karathane to be most effective than Morestan in controlling powdery 
mildew of wheat, Erysiphe graminis t r i t l c i . Similar resul ts were 
obtained by Gupta ot a l . (1975) in controlling Erysiphe polygon; 
DC. causing powdery mildew of moong (Phaseolus aureus Roxb.) and 
52 
by Sr ivas tava et a l . (1973) in controlling E_. polygony on pea. 
Nema and Krishna (1982), also found Karathane highly effective 
agains t E^ . polygoni, beside Sulfex (0.05 per cent) and Calixin 
(0.05 per cen t ) , while controlling the disease on pea . 
The powdery mildew disease is being controlled by chemical 
fungicides in the absence of sui table res i s tan t cu l t iva r s . Recently, 
a few commercial fungicides, e .g . Cal ixin, Sulfex, Karathane, 
Bavistin, Morestan, Cosan and Elosol, are used for the control of 
powdery mildews and have shown promising resul ts (Pathak and 
Joshi, 1972; Gupta et a l . , 1975; Sr ivastava et a l . , 1973)-
MATERIALS AND METHODS 
The different materials used and methods employed during the 
present s tudies are given below: 
Survey and Collection 
Survey was conducted in various locali t ies in some dis t r ic ts of 
Uttar Pradesh to determine the severity ( intensity) of powderv 
mildews on different members of the family Compositae. Various 
locali t ies of d is t r ic ts like Agra, Aligarh, Allahabad, Bareii ly. 
Budaun, Bulandshahr , Etah, Etawah, Kanpur and Mathura in Uttar 
Pradesh ( Ind ia ) were surveyed to es tabl ish the identi ty of powdery 
mildew species infecting composites. Different plants which were 
found during the course of survey are as follows: 
1. Acroclinium spp . 
2. Calendula officinalis Linn. 
3 . Chrysanthemum coronarium Linn. 
U. Cinerar ia spp . 
5. Coreopsis spp . 
6. Cosmos sulphureus Cav. 
7. Dahlia va r i ab i l i s Desf. 
8. Dimorphotheca s inuata DC. 
9. Eclipta alba (Linn.) Hassk. 
10. Helianthus annuus Linn. 
11. Xanthium strumarium Linn. 
12. Zinnia elegans Jacq. 
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Ten to twenty samples of each of the aforesaid plants found 
during the surveys were collected at random from each of the 
available garden or field in a locality. Aerial parts of the plants 
(leaves, stems, twigs and flowers etc.) comparised the samples. 
Each sample was then packed seperately in polythene bags, marked 
properly and brought to the laboratory. All the samples which 
were collected, closely examined for studying the characteristics c: 
the symptoms on plant parts. 
Incidence of disease (per cent occurrence) on each member c: 
Compositae in a localaity was calculated as per the method giver, 
by Johnston and Booth (1983), which is as follows : 
, .J ,o/\ Number of infected plant units v mn 
Incidence (%) = ^ X 100 
Total number (healthy & infected) of units 
assessed 
Severity (intensity) of disease on different composites in 
different localities of the districts was rated as under: 
No infection (-) = No visible disease symptoms. 
Mild infection ( + ) = Patches few, small in size and 
scattered. 
Moderate infection (++) = Patches many, large in size 
tending to coalesce. 
Severe infection (+++) = Large patches covering almost the 
entire leaf area. 
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Average of the ra t ings from different places of a par t icular 
locality was assigned as severity grade to each plant of Compositae 
in that local i ty . 
Identification of the causal organism 
Identity of the powdery mildew species infecting various 
plants in different locali t ies of the d is t r ic t s were established by 
using anamorph (conidial) cha rac t e r s . Since teleomorphs 
(peri thecia) develops ra re ly on Compositae, so, anamorph characters 
were taken into consideration for the identi ty purposes. Anamorph 
characters of the powdery mildew species in each sample were 
studied microscopically. These charac te rs include, colour of the 
mycelium in older patches (Yarwood, 1957); shape of the conidia 
(Alcorn, 1968); conidial size (Bouwens, 192^, 1927; Boesewinkel. 
1980); presence or absence of fibrosin bodies (Homma, 1937; Kable 
and Bal lantyne, 1963; Jhooty, 1967; Yarwood, 1978) and type of 
germ tubes produced (Hirata, 19-^2, 1955; Zaracovi t i s , 1965). 
The following anamorph charac ters were s tudied: 
1. Mode of parasi t ism in relation to ectophytic and endophytic 
nature of the mycelium. 
2. Morphology of conidiophores in relat ion to branching. 
3 . Shape of conidia . 
U. Dimensions of conidia (length & b r e a d t h ) . 
5. Length/breadth (L/B) ra t io . 
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6. Presence or absence of fibrosin bodies in conidia. 
7. Mode of germination of conidia and type of the germ tube 
produced. 
8. Development of appressor ia . 
For measurements, the conidia from different collections were 
stained in cotton blue and mounted in lactophenol. Zn each case 
100 conidia were measured with the help of ocular micrometer. The 
differences in the size of the conidia was s ta t i s t ica l ly analysed tc 
find out the morphological difference, if any . L/B rat io was alsc 
determined by dividing length of a conidium with its breadth . For 
fibrosin bodies and type of the germ tubes produced, fibrosin 
bodies test and germination test were performed. 
Fibrosin bodies test 
Conidia from each sample were tested for the presence c: 
fibrosin bodies. These were gently dusted on clean dry glass 
slides from different samples. Than, a few drops of 3% KOH 
(potassium hydroxide) aqueous solution was added on each slide 
(Kable and Bal lantyne, 1963). While examining conidia under the 
microscope, following observations were made: 
1. Presence or absence of fibrosin bodies . 
2. Per cent occurrence of conidia with fibrosin bodies. 
3. Number of fibrosin bodies per conidium. 
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Germination test 
Similarly, for germination conidia were gently dusted on clean 
dry g lass sl ides from different leaves or other aer ia l pa r t s of the 
samples. These slides were placed on g lass - rod t r i ang le , kept in 
pe t r ip la tes containing steri l ized dis t i l led water at the bottom. The 
pe t r ip la tes were incubated at 20°C (_+ 2) for IL hours . After 
incubation period these sl ides were examined under the microscope. 
For each observation 80 conidia from each slide were selected at 
random in different microscopic field, following observations were 
made for the germ tubes produced. 
1. Per cent conidial germination. 
2. Per cent forking of germ tubes . 
3 . Point of origin of germ tube on the conidia. 
4. Presence or absence of appressor ia at the tip of the 
germ tubes . 
Culture and maintenance of powdery mildews 
Inoculum of E^ . cichoracearum and ^ . fuliginea from selected 
samples and a reas of high disease intensi t ies and different distr icts 
were maintained on their respective hosts in separate glasshouse 
chambers at 20°C U 2) , so that the inocula should not be mixed. 
Inoculations were made by dry dusting of conidia or appressing 
infected leaves on the surface of leaves of the seedlings. 
Subsequent inoculation when found necessary, were made to maintain 
the inocula for desired length of time. 
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Consistency in anamorph charac te r s 
To ascer ta in consistency in the conidial charac ters in order tc 
use them as bas i s for identification of E^ . cichoracearum and _S. 
fuliginea, dimensions of conidia (length, breadth and L/B ra t io ) . 
presence and absence of fibrosin bodies, per cent occurrence c: 
fibrosin bodies, per cent conidial germination, point of origin c: 
germ tubes on conidia, morphology of germ tubes, per cent forking 
of germ tubes and development of appressor ia in various samples c: 
Compositae, infected with powdery mildews were studied. Data sc 
obtained were than assessed for their taxonomic value for 
identification of the speices. 
Host range studies 
For the host range s tudies , twenty cul t ivated and seven wild 
p lants of the family Compositae and eighteen plants of different 
families (Table 9) were selected. These p lants were grown in 15 cr. 
clay pots filled with autoclaved field soil, sand and farm manure 
(3 :1 :1) . Some wild host p lants na tu ra l ly infected in the field were 
uprooted and t ransp lan ted in the pots for experimental purpose. For 
the inoculation of potted p l an t s , p lants of 3 different ages (2 week, 
3 week, 4 week old) were used. 
These p lan ts were inoculated with _E. cichoracearum and S. 
ful iginea. The isolates of these pathogen were obtained from 
Cosnos su lphureus , Chrysanthemum coronarium, Dahlia v a r i a b i l i s , 
Z i n:: i a elegans for E. cichoracev^rum and Cineraria s p . , Calendula 
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Table 9 
List of some composites and non-composites tested against 
powdery mildev/ pathogen 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
Cultivated composites 
Acroclinium sp. 
Arctotis sp. 
Aster so. 
Wild composites 
1. Ageratum conyzoides Linn. 
2. Conyza japonica (Thunb.) Less. 
3. Eclipta alba (Linn.) Hassk. 
Brachycome iberidifolia Benth 4. Sonchus oleraceous Linn. 
Calendula officinalis Linn. 5. Tridax procumbens Linn. 
Carthamus tinctorius Linn. 6. Vernonia cinerea (Linn.) Less. 
Centaurea moschata Linn. 
Cosmos sulphureus Cav. 
Chrysanthemum coronarium Linn. 
Cineraria sp. 
Coreopsis sp. 
Dahlia variabilis Desf. 
Dimorphotheca sinuata DC. 
Gaillardia sp. 
Gazania splendens Hort. 
Helianthus annuus Linn. 
Helichrysum bracteatum Andr. 
Lactuca sativa Linn. 
Tagetes erecta Linn. 
Zinnia elegans Jacq. 
7. Xanthium strumarium Linn. 
Non-compos i tes 
1. Abelmoschus esculentus (Linn.) Moench. 
2. Benincasa hispida (Thunb.) Cogn. 
3. Cassia occidentalis Linn. 
4. Capsicum annuum Linn. 
5. Chenopodium ambrosioides Linn. 
6. Coriandrum sativum Linn. 
Family 
Malvaceae 
Cucurbitaceae 
Leguminosae 
Solanaceae 
Chenopodiaceae 
Umbelliferae 
Contd, 
Table 9 (Contd.) 
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7. Coccinia cordifolia Cogn. 
8. Cucurbita maxima (Duch.) Poir 
9. C. moschata (Duch.) Poir 
10. Cucumis melo Linn. 
11. C. sativus Linn. 
12. Daucus carota Linn. 
13. Euphorbia hirta Linn. 
14. Foeniculum vulgare Mill. 
15. Impatiens balsamina Linn. 
16. Lagenaria leucantha (Duch.) Rusby. 
17. Lycopersicum esculentum Mill. 
18. Nicotiana tabacum Linn. 
Cucurbitaceae 
Cucurbitaceae 
Cucurbitaceae 
Cucurbitaceae 
Cucurbitaceae 
Umbelliferae 
Euphorbiaceae 
Umbelliferae 
Balsaminaceae 
Cucurbitaceae 
Solanaceae 
Solanaceae 
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officinalis, Dimorphotheca s inua ta , Helianthus annuus for S_. 
ful iginea. These isolates were a r b i t r a r i l y designated as Cs, Cc. 
Dv, Ze, and Ci, Co, Ds, Ha respect ively. 
Inoculated p lants were kept in separa te glasshouse chambers. 
For field t r i a l s , inoculated seedlings were t ransferred with entire 
soil to the p i t s , dug ear l ie r at a dis tance of 20-30 ft. Healthy 
seedlings were also t ransferred for control . And in the glasshouse 
each repl icate of every plant was also used as control. Five 
repl icates were made for each host pa ras i t e combination. Inoculatec 
plants were regu la r ly examined for the appearance of the disease 
and host response was examined after ten days of inoculation a; 
under: 
Resistant (R) = Mildew fail to appear 
Susceptible (S) = Mildew appear 
Varietal resistance 
Ninety nine cul t ivars belonging to seventeen genera of the 
family Compositae were screened for va r i e t a l resis tance (Table 10). 
These cu l t iva rs were inoculated with Cs, Cc, Dv and Ze isolates . 
which were obtained from Cosmos su lphureus , Chrysanthemum 
coronarium. Dahlia va r i ab i l i s and Zinnia elegans respectively. 
The commercial packets containing cu l t ivar of mixed and 
hybrid mixed seeds made confusion about the homogeneity and 
heterogeneity of the germplasm. To avoid such confusion, the seed? 
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Table 10 
List of different cultivars tested against powdery mildew pathogen 
Composites Cultivars 
Acroclinium sp. 
(3) 
Arctotis sp. 
(3) 
Aster sp. 
(6) 
Semi double white pink, Splendens 
mixed, Special mixture. 
Hybrid mixed, Special hybrid, 
Grandis hybrid. 
Giant mixed. Double mixed. Ostrich 
plume white, Crego giant mixed, 
Teisa stars mixed, Powder puff 
mixed. 
Calendula officinalis 
(7) 
Carthamus tinctorius 
(1) 
Double golden emperor, Double geisha 
girl, Kelmscott giant orange, Double 
mixed. Orange king, Pacific beauty 
mixed, Fiestive gaurd. 
Kusumika. 
Chrysanthemum coronarium 
(4) 
Cineraria sp. 
(3) 
Cosmos sulphureus 
(8) 
Maxima may queen. Annual mixed. 
Selection mixed, Coronarium mixed. 
Maxima mixed colours. Duplex double 
flowers. Early spring glory. 
Sensation mixed, Choiced mixed, 
Goldcrest, Sunset, Bright lights, 
Candy stripe. Early flowering mixed, 
Double crested mixed. 
Coreopsis sp. 
(5) 
Dahlia variabilis 
(7) 
Dimorphotheca sinuata 
(4) 
Flowers all the year round. Dwarf 
double sunburst, Early sunrise. 
Sunbeam, Tall mixed. 
Collasal single mixed, Dwarf double 
redskin, Coltless hybrid mixed. 
Dwarf border mixed, Unwins bedding. 
Decorative mixed, Exhibition mixed. 
Orange, Special mixture, Giant 
orange, Glistening white. 
Contd. 
Table 10 (Contd. 
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Gaillardia sp. 
(5) 
Mixed, Grandiflora mixed, Picta 
lollypop orange, Picta lollypop 
yellow, Picta lollypop mixed. 
Gazania splendens 
(3) 
Sunshine hybrid mixed, Hybrid mixed. 
Local. 
Helianthus annuus 
(9) 
Double sungold tall. Miniature mixed, 
Japanese miniature mixed. Brown 
fancy mixed. Giant russian, Local 
(a). Local (b) , Single tall yellow. 
Mammoth russian. 
Lactuca sativa 
(5) 
Green and paris white, Wayahead, 
Avoidefiance. Black seeded simpson. 
Local. 
Tagetes erecta 
(13) 
Dwarf double rusty red, Dwarf double 
harmony, Dwarf double mixed, Spanish 
brocade. Lemon king, Naughty 
marietta, Susanna, Trinity inca 
orange. Trinity inca gold. Tall 
african mixed, French dwarf mixed, 
Local (a). Local (b). 
Zinnia elegans 
(13) 
Cerise queen, Purity, Violet queen, 
Giants of California mixed, Canary 
bird, Crimsom monarch, Rich salmon 
rose, Ruffled jumbo mixed, Linearis 
white, Golden dawn. Purple prince, 
Dahlia flowered mixed, California 
giant mixed. 
Figures in parenthesis indicate the number of cultivars tested. 
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of these cu l t ivars were sown seperately and isolated at three lines 
on the bas is of difference in colour of the flowers. The seeds were 
collected separa te ly and sown in subsequent generation to have the 
pure l ines . During var ie ta l screening, three lines of mixed and 
hybrid mixed were inoculated separate ly and observed that al l the 
three lines gave similar response against the pathogen, irrespective 
of the colour of the flowers, that is why these lines were not 
mentioned separate ly in the r e su l t s . Inoculated plants were 
t ransferred to the glasshouse benches as well as in the field as 
described ea r l i e r . 
Observations of disease intensity were made daily for two 
weeks or so after inoculat ions. Different cu l t ivars were placed in 
various categories of resis tance and suscept ibi l i ty on the basis of 
type of reaction as suggested by Mains and Deitz (1930) with some 
modifications as follows: 
Grade Description Infection rating 
Highly (Macroscopically no 
res i s tan t mycelium is evident) 
Resistant (Trace to slight 
development of fungus 
evident macroscopically) 
Susceptible (A moderate development 
of fungus occurs accompanied 
by moderate sporulat ion) 
Highly (Abundant fungal growth is 
susceptible developed accompanied by 
abundant sporulat ion) 
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Chemical control 
Seeds of the susceptible Dahlia va r i ab i l i s (cv. Decorative 
mixed) cu l t iva r were sown in 15 cm clay pots filled with autoclaved 
field soil , sand and farm manure (3 :1 :1) . Seedlings were dusted 
with conidia of ^ . cichoracearum 15 days after emergence. The 
plants were 15-25 cm long having 6-10 leaves . The plants were 
sprayed with different concentrations (0.001, 0.01, 0.1 and 0.2 per 
cent) of three fungicides viz. Karathane EC {^8 per cent 1-methyl-
heptyl) phenylcrotonate, Bavistin (50 per cent 2-methoxy-carbamoyl) 
benzimidazole) and Morestan (25 per cent 6-methyl-quinoxaline-2, 3. 
d i th iocarbonate) . The sprays being applied with the help of a 
hand sprayer seven days after spore dus t ing . The pots were 
incubated in a glasshouse at 20°C(j(-2) at 90 per cent relat ive 
humidity. During this period visible colonies of powdery mildew 
were observed on the inoculated p l a n t s . Similarly, the control 
plants were sprayed with water . For each treatment, three 
repl icates were maintained. The spraying was done thrice at an 
in terva l of 15 days . The percentage of leaf infection was recorded 
by randomly taking five p lants from each t reatment . All the leaves 
were counted and percentage leaf infection was calculated on the 
basis of leaves infected at 7 days in te rva l s after f irst , second and 
thi rd s p r a y i n g s . The percentage disease index and percentage 
disease control was calculated by adopting the following formula; 
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Percentage disease index 
(PDl) 
Total ra t ing 
Total number of x Maximum 
leaves examined ra t ing 
x 100 
Percentage disease control 
(PDC) 
Disease index Disease index 
in control in treatment 
Disease index in control X 100 
Statistical Analysis 
The data obtained after measurement of dimensions (length, 
breadth and L/B rat io) of conidia, per cent occurrence of conidia 
with fibrosin bodies, number of fibrosin bodies per conidium, per 
cent germination and forking/non-forking of conidia were analysed 
s t a t i s t i ca l ly . The significant difference, if any, in the length and 
breadth of conidia collected from various d is t r ic ts was studied at 
5% level of significance (Panse and Sukhatme, 1989). 
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State of Uttar Pradesh - Geographical Position and Climate 
The state of Uttar Pradesh is s i tuated in the Northern part of 
India between 23° 52'N and 31° 18'N, and 77° lO'E and 90° 39'E 
and covers an area of about 2,93,963 square kilometres. It is 
bounded by Tibet and Nepal on the North; Himachal Pradesh on the 
North-East; Punjab and Haryana on the West; Rajasthan on the 
South-West; Madhya Pradesh on the South and Bihar on the East 
( F i g . l ) . Except for a few a rea s , the ent i re state is a vast , 
verdant pla in watered by r ivers like Ganga, Yamuna and Ghagra 
and a number of smaller streams, besides a network of Canals and 
Tubewells. 
The general climate of this region is warm and dry . Mean 
monthly temperature var ies considerably throughout the year . The 
mean maximum temperature being 2Zt.8°C from January to March and 
minimum 10.5°C. Mean maximum temperature from April to June 
remains 38.4°C and minimum 2/t.l°C, being maximum from July to 
September 32.2°C and minimum 25.6°C, and from October to December 
remains 26.7°C and 13.1°C respect ively. 
The re la t ive humidity during the winter season i . e . from 
November to December ranges from 63-71 per cent in the morning 
and 28-45 per cent in the evening. But dur ing summer season, it 
declines considerably and remains 29-37 per cent in the morning 
and lowers down to 16-21 per cent in the evening. On the onset of 
monsoon the re la t ive humidity increases and reaches its maximum in 
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August i . e . 69-87 per cent in the morning and Sl-1?> per cent in the 
evening. 
The dis t r ic ts included in these studies are si tuated in the 
sub- t ropica l region and i ts climate can be said to be of 
sub- t ropica l monsoon type. It is said that "Seasonality is the 
keynote of Indian climate" and the three seasons - the ra iny , the 
cold and the hot-are well marked off. The first commences with 
fair r egu la r i ty in the middle of June and continues t i l l the end of 
September, but as the monsoon from the Bay of Bengal sweeps over 
the Uttar Pradesh, the commencement of the ra iny season may be as 
early as the begining of June or as late as the first or second 
week of July. The cold weather extends from ear ly October to the 
end of February . March is t r ans i t iona l month. The third season 
extends over the remaining months of the yea r . In this season the 
temperature begins to r ise , and so it g radua l ly merges into the hot 
weather with high temperature and dry westerly winds. A statement 
regard ing the temperature and re la t ive humidity of the surveyed 
d i s t r i c t s , during the months, when powdery mildew disease on 
composites was studied is given in Table - 11 (a & b) for each 
dis tr ict to have a cursory idea about the prevai l ing temperature 
and re la t ive humidity fluctuations during the present s tudies . 
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RESULTS 
Identification of powdery mildew species 
Surveys were conducted to determine severity and identity of 
powdery mildew species a t tacking different members of the family 
Compositae in the d is t r ic ts of Agra, Aligarh, Allahabad, Bareilly, 
Budaun, Bulandshahr , Etah, Etawah, Kanpur and Mathura ( F i g . l ) . 
The species of powdery mildew associated with different plants in 
various d is t r ic ts were identified by using anamorph (conidial) 
cha rac te r s . 
Symptoms 
White fluccose c i rcu lar powdery patches were invar iab ly 
present on leaves and stems of infected p l an t s . These patches were 
scattered in few samples. I r regu la r patches were mostly present on 
the underside of the leaves and elongate patches on the stems 
(Plate I , Fig. A). These patches g radua l ly turned light brown 
becoming flocculent. In .some plants the infected areas were not 
discoloured, but occasionaly dries in the la ter stage and turns 
yellow, as observed in few cases . While in some plants sparse 
inconspicuous growth on the lower surface of leaves with a sl ight 
i r regu la r discolouration of affected par t s was observed. In case of 
severe infection entire foliage was covered with powdery mass. In 
some plants during survey, flowers and buds were also found 
covered with powdery mass such as Cosmos sulphureus and Dahlia 
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FIG 1. DISTRICTS OF UTTAR PRADESH INCLUDED IN THE 
SURVEY. 
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va r i ab i l i s (Plate 1 , Fig. A&B). 
Anamorph characters 
Colour of the mycelium was greyish white, septate and 
profusely branched . In some samples the mycelium was observed as 
cottony white and. it was ectophytic in na ture and well developed. 
Conidiophores erect, simple and unbranched and septate conidia 
borne on the conidiophores in cha in . Colour of the conidia was 
hya l ine . Shape of the conidia var ies among different samples, in 
some, conidia were e l l ipsoidal , while in others cyl indr ica l and 
bar re l shape conidia were observed. 
The detai ls of the incidence and intensity and the identity 
based on conidial dimensions, L/B ra t io , fibrosin bodies and 
germination tests of powdery mildew species are given below 
seperately for each d is t r ic t . 
District : Agra 
Different locali t ies in this distr ict were surveyed in the first 
week of November, 1991 (Fig. 2) and found the disease on composites 
like Acroclinium s p p . , C. officinalis, C. sulphureus . Cineraria 
s p p . . Coreopsis s p p . , jD. v a r i a b i l i s , E^ . a lba , H. annuus , X. 
strumarium and Z^ . e legans . (Table 22). All the infected cul t ivated 
composites were found in bungalow gardens and public pa rks , while 
the wild composites were observed at the road sides and fields. 
Tliese p lants were invar iably found infected with powdery mildew 
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FIG.2 DISTRIBUTION OF POWDERY MILDEW IN DISTRICT 
AGRA. 
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and showed a varying degree of disease intensi ty (Table 17). The 
•severity of the disease on C. su lphureus , jD. v a r i a b i l i s , H. annuus 
and X. strumarium was h igh . The disease incidence was 70 per 
cent on Acroclinium spp . , D. va r i ab i l i s and X. strumarium, while 
73 per cent on C. su lphureus . On other composites it was below 60 
per cent (Table 12). 
The mean conidial dimensions measured from Acroclinium spp . . 
Cinerar ia s p p . , C. officinalis, Coreopsis s p p . , C. sulphureus, £ . 
v a r i a b i l i s , E^ . a lba , 11. annuus , X. strumarium and Z^ . elegans were 
35.032 X 16.232 ^m, 33.875 X 18.326 jum, 29.000 X 15.125 pm, 27.765 
X 13.825 pm, 30.860 X 15.125 jum, 37.621 X 18.215 Aim, 31.223 X 
13.728 pm, 28.040 X 15-372 lam, 35.365 X U.312 fjim and 33.712 X 
16.085 i^m and the mean L/B ra t ios determined were 2.10, 1.81, 
1.86, 2.05, 2.00, 2.20, 2.26, 1.93, 2.18 and 2.08 respectively 
(Tables 23-32). 
F'or the fibrosin bodies test 407 samples were examined, out of 
these, 104 contain few conidia without fibrosin bodies while in the 
remaining 303 samples fibrosin bodies were present in al l the 
conidia (Table 33, Fig. 12). The mean per cent occurrence of 
conidia with fibrosin bodies from these samples was 89-92 and mean 
number of fibrosin bodies per conidium 7-39 (Table 34, Fig. 13,14). 
Well developed, discrete and different shapes of fibrosin bodies 
were invar i ab ly present in the conidia of powdery mildew collected 
from Cinerar ia s p p . , C. officinalis and U. annuus . The mean 
number of fibrosin bodies per conidium in these plants observed 
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were 6.86, 7.23 and 8.10 respect ively, while the range of fibrosin 
bodies per conidium var ies from 5 to 12 (Table 35, Fig. 15). 
On germination, conidia from different composites produce 
simple and forked germ tubes . These germ tubes emerged from the 
side walls of the conidia. The mean per cent germination for _S. 
fuliginea and ^ . cichoracearum was 73.67 and 80.13 and per cent 
forking of the germ tubes was 56.36 (Table 36, Fig. 20,21). 
Conidia of E^. cichoracearum did not contain fibrosin bodies and on 
germination produced simple germ tubes (non forked) with well 
developed appressor ia at the t ip of germ tubes . The germ tubes 
emerged ap i ca l ly /basa l ly of the conidia. 
Severely infected Chrysanthemum coronarium was also found in 
three locali t ies (Fa tehpurs ikr i , Tundla and Fatehabad) of this 
d i s t r i c t . Anamorph stage of the pathogen was present . Colour of 
the mycelium was greyish white and mean conidial dimension 
measured 33.785 X 14.366 pm, mean L/B ra t io was determined 2.18. 
Conidia were devoid of fibrosin bodies and on germination produced 
s t ra ight germ tubes . On the basis of aforesaid charac te rs it can 
be concluded that the causa l organism of the above host was E. 
cichoracearum. 
District : Aligarh 
Nine localit ies in this dis t r ic t were surveyed in the last week 
of October. 1991 and again in the first week of December, 1992 
• ' , ' > 
" ' ^ • - . ' ' ' K . ; ^ 
(Fig 3 ) . The localit ies surveyed and composites encountered are 
given in Table-22. Two wild composites viz . Eclipta alba and 
Xanthium strumarium were invar i ab ly found infected with powdery 
mildew. While rest of the cul t ivated composites remains the same. 
The disease intensi ty on different composites showed a var ia t ion 
among the loca l i t i es . Table-17 clearly indicate tha t highest disease 
intensi ty was recorded on C. sulphureus and D. va r i ab i l i s , but in 
the other locali t ies infection was mild to moderate. The incidence 
of disease was recorded 70 per cent on Acroclinium s p p . , C. 
sulphures and D. va r i ab i l i s but below 55 per cent on other 
composites (Table 12). 
Conidia collected from the infected p lan ts were measured for 
their dimensions, their mean values were 36.120 X 16.620 pm for 
Acroclinium s p p . ; 33.921 X 18.220 jum for Cinerar ia spp . ; 29.750 X 
15.095 jum for C. officinalis; 28.067 X 1^.987 p.m for Coreopsis s p p . ; 
31.162 X 15.228 .pm for C. su lphureus ; 37.852 X 18.300 /jm for D. 
v a r i a b i l i s ; 30.675 X 13.811 pm for E. a lba ; 28.685 X 15.162 jum for 
H. annuus ; 36.012 X 15.010 jum for X. strumarium and 33.910 X 
16.126 p.m for Z_. e legans . The mean length /breadth rat ios 
determined were 2.05, 1.75, 1.90, 2.24, 2.15, 2.05, 2.15, 1.89, 2 , U 
and 2.32 respectively (Tables 23-32). 
Totally , 375 samples were examined for the fibrosin bodies 
tes t . Of these, 165 samples showed few conidia without fibrosin 
bodies, on the other hand conidia of 210 samples had hundred per 
cent fibrosin bodies (Table 33. Fig. 12). The mean per cent 
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occurrence of conidia with fibrosin bodies from these samples was 
86.25 and mean number of fibrosin bodies per conidium 7.70 (Table 
34, Fig. 13,14). Disc, cone, p l a t e - shaped and well developed 
fibrosin bodies were inva r i ab ly present in the conidia of Cineraria 
s p p . , C. officinalis and U_. annuus . The mean number of fibrosin 
bodies per conidium in these composites were 5-81, 8.20 and 9.66 
with range of 6 to 11 (Table 35, Fig. 15). 
After the germination tes t s , it was observed that simple and 
forked germ tubes were given out by the conidia . These germ tubes 
were produced at the side walls and apica l end of the conidia. 
The mean per cent germination was 74.06 and 69.04 for _S. 
fuliginea and E^ . cichoracearum respect ively, while per cent forking 
in the germ tubes of _S. fuliginea was 47.96 (Table 36, Fig. 20,21). 
On the other hand conidia of E^. cichoracearum produced straight 
germ tubes with well developed appressor ia and was lacking 
fibrosin bodies. 
During survey. Chrysanthemum coronarium and Dimorphotheca 
s inuata were also found with mildew infection in few localit ies of 
this d i s t r i c t . Moderate disease intensity on C. coronarium was 
recorded from Sikandra Rao, Hathras and Harduaganj locali t ies , 
while mild from Atraul i , whereas , D_. s inuata was found with mild 
infection from Char ra , Sikandra Rao, Harduaganj and Khair 
localit ies of this d i s t r i c t . The mean conidial dimension measured 
were 40.13S X 19.632 j.im and 36.210 X 20.332 jam with mean L/B 
rat io of 2.16 aiul 1.89 respect ively. Conidia isolated from 
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C. coronarium were found to be longer than those of ^ . s inuata anc 
were cy l indr ica l in shape. In the conidia of D. s inuata discrete 
refractive and various shapes of fibrosin bodies were present . The 
mean number of fibrosin bodies per conidium in this plant observed 
was 7.15 with range of 7 to 9 (Table 35). On the bas is of conidial 
morphology it can be concluded that C. coronarium was the host for 
E^ . cichoracearum, whereas, D_. s inuata for _S. ful iginea. 
District : Allahabad 
The study area which included eight locali t ies of the distr ict 
showed the cult ivation of different composites (Fig. 4, Table 22). 
The period of survey in th is dis tr ict was last week of March, 1992. 
The disease intensity on various composites showed a var iat ion 
among the local i t ies . The plants which were mild or moderately 
infected in a locality were severely infected in the other. The 
intensi ty of the disease was high on £ . va r i ab i l i s among cult ivated 
and on X. strumarium among wild composites (Table 18). The 
disease incidence was 7A per cent on C. sulphureus and 80 per cent 
on X. strumarium, while in rest of the p lants it remains below 65 
per cent (Table 13). The composites encountered during the survey 
contained anamorph stage of the fungus only. 
Tables 23-32 indicate the mean conidial dimensions measured 
from the collected composites. It is c lear that the conidial 
dimensions varios amv^ng Acroclinium s p p . , Cinerar ia s p p . , C. 
officinalis. Coreopsis s p p . , C^ . sulpliureus, \\ v a r i a b i l i s , _E. a lba , 
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H. annuus , X. strumarium and Z^ . e legans . The data obtained so 
were 36.080 X 18.180 ^m, 34.158 X 18.805 ]um, 28.225 X 15.325 pm, 
28.136 X 14.350 jum, 31.080 X 15.125 jum, 36.720 X 17.128 pm, 30.208 
X 13.727 jum, 28.438 X 16.316 ;jm, 35.120 X 13.962 pm and 34.016 X 
16.624 ;um with mean L/B ra t ions of 2.08, 1.78, 1.97, 2.30, 2.04, 
2.10, 2.10, 1.80, 2.16 and 2.18 respect ively . 
Disc, cone, plate shaped and well developed fibrosin bodies 
were invar i ab ly present in the conidia examined from Cineraria 
s p p . , C. officinalis and Hi. annuus . For the fibrosin bodies test 
260 samples were examined, out of these, few conidia of 132 samples 
possessed fibrosin bodies, while in the remaining 128, a l l conidia 
had firbosin bodies (Table 33, Fig. 12). The mean number of 
conidia with fibrosin bodies observed was 88.68 per cent and 
number of fibrosin bodies per conidium 8.30 (Table 34, Fig. 13,14). 
The mean number of fibrosin bodies per conidium in the above 
mentioned p lants were 7.86, 8.89 and 8.15 with range of 5 to 12 
(Table 35, Fig. 16). 
In the germination tes t s , it was observed that both types of 
germ tubes were given out by the conidia . These germ tubes were 
produced at the side walls and apical portion of the conidia. The 
mean per cent germination was 69.38 and 72.79 for S. fuliginea and 
E_. cichoracearum respectix'ely. Per cent forking in the germ tubes 
of _S. fuliginea was 48.83 (Table 36, Fig. 20,21). Conidia of _E. 
cichoracearum were devoid of fibrosin bodies and emerge simple 
germ tubes witli approssor ia . 
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District : Bareilly 
Survey in different locali t ies of th is dis t r ic t was conducted 
for the occurrence and dis t r ibut ion of powdery mildews on various 
members of the family Compositae. The period of survey was second 
week of Feb rua ry , 1992 (Fig. 5 ) . Different cultivated and wile 
composites were encountered during survey (Table 22). E^ . alba and 
X. strumarium were found moderately to severely infected in various 
local i t ies . In few localit ies p lants were free from the infection. 
Different p lan ts were invar iab ly found infected with mildew and 
showed vary ing degree of disease intensi ty (Table 18). The 
incidence of disease was 70 per cent on E^. a lba and 72 per cent or. 
X. strumarium but below 68 per cent on rest of the plants ir. 
different locali t ies (Table 13). Infected samples were having 
anamorph stage of the pathogen. 
Tables 23-32 shows mean conidial dimensions and mean L/E 
ratios measured from Acroclinium spp . (36.115 X 18.056 jum; 2.00). 
Cinerar ia spp . (35.213 X 18.363 pm; 1.86), C. officinalis (28.665 X 
U.986 ;im; 1.90), Coreopsis spp. (28.060 X 13.316 ^m; 2.12), C. 
sulphureus (30.708 X 15.085 Jum; 2.05), D. va r iab i l i s (36.63^ X 
17.675 pm; 2 .05), E. alba (31.130 X U.533 pm; 2.2^), H. annuu? 
(27.216 X 17.012 ^m; 1.78), X. strumarium (35-090 X 15.125 /um; 
2.10) and Z. elegans (3^.002 X 16.823 pm; 2 .10). 
In al l 278 Compositae samples were observed for the fibrosin 
bodies tes t . While, observing the fibrosin bodies in conidia it was 
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noticed that a l l conidia did not possessed these bodies. Number of 
samples with few conidia without fibrosin bodies was 150, whereas, 
a l l conidia with fibrosin bodies was observed in 128 samples (Table 
33, Fig . 12). Mean per cent occurrence of conidia with fibrosin 
bodies from these samples was 87.08, while mean number of fibrosin 
bodies per conidium counted 7.78 (Table 34, Fig. 13,14). Well 
developed, discrete and var ious shapes of fibrosin bodies were 
invar i ab ly present in the conidia obtained from Cineraria s p p . , C. 
officinalis and 11. annuus . Mean number of fibrosin bodies per 
condium in these composites were 8.15, 7.95 and 7.25 and range 
differs from 5 to 11 (Table 35, Fig. 16). 
On germination conidia from different composites produce 
simple and forked germ tubes . These germ tubes emerge from the 
side and end portion of the conidia. The mean per cent 
germination for conidia of S. fuliginea was 74.65, while 77.20 for 
E^. cichoracearum. Per cent forking in the germ tubes of _S. 
fuliginea was 54.77 (Table 36, Fig. 20,21). Conidia of E. 
cichoracearum produced simple germ tubes (non forked) with well 
developed appressor ia at the t i p . 
District : Budaun 
The study area which included eight locali t ies of the dis tr ict 
showed the cult ivation of var ious composites (Table 22, Fig. 6 ) . 
This distr ict was sur\'eyed for the incidence and intensity of 
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powdery mildew in the th i rd week of January , 1992. All the infected 
composites encountered showed a varied degree of disease intensity 
(Table 19). The severity of the disease on D. va r i ab i l i s and X. 
strumarium was h igh . While Acroclinium spp. and Coreopsis spp. 
were free from the powdery mildew infection in some locali t ies of 
this d i s t r i c t . The other composites were infected in one or the 
other locality with vary ing disease in tens i ty . The incidence of 
disease was 80 per cent on C. officinalis and D_. v a r i a b i l i s ; 70 per 
cent on Cinerar ia spp. and C. sulphureus; 60 per cent on H. 
annuus and E. a l b a . While on the remaining plants it was below 
50 per cent (Table U ) . 
Mean conidial dimensions (length X breadth) measured for 
Acroclinium s p p . , Cinerar ia s p p . , C. officinalis. Coreopsis s p p . , £ . 
su lphureus , D. v a r i a b i l i s , E^ . a l ba , H. annuus , )(. strumarium and 
Z. elegans were 35.886 X 17-215 jam, 35.108 X 18.625 jam, 28.821 X 
15.119 yum, 28.154 X 13.817 fim, 30.660 X U.060 yum, 37-782 X 18.660 
}im, 30.510 X 14.122 yum, 26.012 X 15.018 yum, 35.025 X 15-228 yum 
and 33-208 X 15-935 yum, while the mean length /breadth ra t ios for 
these plants were 2 .05,1 .77, 1.80, 2.16, 2.10, 2,08, 2.05, 1.87, 2.20 
and 2.05 respectively (Table 23-32). 
Well developed, discrete and various shapes of fiDrosin bodies 
were invar iab ly present in the conidia collected from Cineraria 
s p p . , C. officinalis and H_. annuus (Table 35). For the fibrosin 
bodies test 247 samples were observed. Out of these few conidia of 
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1^ 6 samples were without fibrosin bodies and in 101 samples these 
bodies were present in a l l the conidia observed microscopically 
(Table 33, Fig. 12). Mean per cent conidia counted with fibrosin 
bodies were 92.52 while mean number of fibrosin bodies per 
conidium was 7.38 (Table 34, Fig. 13,14). Mean fibrosin bodies per 
conidium counted from above mentioned three composites were 7.82, 
6.21 and 8.65 with range of 5 to 11 (Table 35, Fig. 17). After 
studying the germination test it was noted that simple and forked 
germ tubes were given out by the conidia . The mean per cen: 
germination was 75.08 and 75-59 for S. fuliginea and E^ . 
cichoracearum, per cent forking of germ tube of _S. fuliginea was 
54.79 (Table 36, Fig. 20,21). Conidia of _E. cichoracearum produced 
s t ra ight germ tubes with well developed appressor ia and it was 
lacking fibrosin bodies. 
Mild to moderate infection on leaves of ^ . s inuata was 
observed from Babrala , Kachlaghat , Binawar and Dataganj localities 
of this d i s t r i c t . Conidia were e l l ipsoidal in shape and ar ranged 
in cha in . Well developed fibrosin bodies were present in the 
conidia. The mean number of fibrosin bodies per conidium in this 
plant noted was 6.86 and range var ies from 5 to 10 (Table 35). 
Mean conidial size measured was 29-758 X 17-326 jum and mean L/B 
rat io 1.92. These charac te rs were ample to identify the pathogen 
as ^ . fuliginea on this Compositae member . 
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District : Bulandshahr 
Various locali t ies in the dis t r ic t were surveyed in the first 
week of December, 1991 (Fig- 7)- Composites encountered are 
presented in Table-22. Different p lants were invar iab ly found with 
anamorph stage of the fungus and showed varying degree of disease 
intensi ty (Table 19). The severi ty of the disease on 11. annuus and 
X. strumarium was high, while on Cineraria s p p . , C. sulphureus 
and D. variabiU_s was moderate. Mild infection was noted on 
Acroclinium s p p . , Coreopsis s p p . , E^ . alba and Z^ . elegans in some 
local i t ies . The disease incidence was 76 per cent on H. annuus 
and 80 per cent on X. s t rumarium. On the remaining composites it 
was below 50 per cent (Table 14). 
The mean conidial dimensions and L/B rat ios were determined 
of the collected composites. Tables 23-32 shows the mean dimensions 
of the conidia of var ious p l a n t s , these measurements were 36.109 X 
17.576 ;im (2.10) for Acroclinium s p p . , 33.315 X 18.437 >im (1.86) for 
Cinerar ia s p p . , 28.118 X 15.462 ;im (1.96) for C. officinalis, 27.775 
X 13.210 jum (2.17) for Coreopsis s p p . , 31.060 X 14.315 pm (2.14) 
for C. sulphureus , 37.825 X 18.980 ^m (2.02) for D. v a r i a b i l i s , 
30.718 X 13.910 ^m (2.18) for _E. a lba , 28.462 X 15.512 yum (1.90) 
for ]1. annuus , 34.421 X 15.317 Jum (2.15) for X. strumarium and 
33.715 X 15.746 ;nm (2.10) for Z. e legans . 
Three cult i \ 'ated composites i . e . Cineraria s p p . , £ . officinalis 
and 11. annuus , wore found infected with _S. fuliginea pathogen 
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(Table 35). Totally, 159 samples of the collected composites were 
tested for the presence of fibrosin bodies. Few conidia without 
fibrosin bodies were observed in 81 samples and in 78 samples 
hundred per cent fibrosin bodies were present in the conidia (Table 
33, Fig. 12). Mean per cent occurrence of conidia with fibrosin 
bodies was 88.19. Mean number of fibrosin bodies per conidium was 
counted 7.64 (Table 3A, Fig- 13,14). In the conidia of Cineraria 
s p p . , C. officinalis , and 11. annuus presence of refractive, s t ra ight 
or curved rod like bodies were noted. Mean number of fibrosin 
bodies per conidium in these composites were 7.15, 8.69 and 7.08 
with range of 6 to 10 (Table 35, Fig. 17). The mean per cent 
germination for _S. fuliginea and E_. cichoracearum was 79.57 and 
82.07. Fibrosin bodies were absent in the conidia of E^ . 
cichoracearum and they produced simple germ tubes with well 
developed appressor ia at the t ip of germ tube . Forking of the germ 
tubes of ^ . fuliginea was 48.11 per cent (Table 36, Fig. 20,21). 
District : Etah 
Acroclinium s p p . , C. officinalis . Cinerar ia s p p . . Coreopsis 
s p p . , C. su lphureus , D_. v a r i a b i l i s , ^ . a lba , ]1. annuus, X. 
strumarium and Z^ . elegans were invar i ab ly found infected with 
powdery mildew in this dis t r ic t when the survey was conducted in 
the first week of November, 1992 (Fig. 8, Table 22). D. va r i ab i l i s 
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and X. strumarium were apparen t ly more heavily infected than those 
of other composites. But, few plants were found free from the 
infection at the time of survey . Table-20 clearly indicates the 
degree of intensity on var ious p l an t s . The incidence of disease 
was 70 per cent on C. su lphureus , 77 per cent on X. strumarium and 
80 per cent on D_. v a r i a b i l i s , but below 60 per cent in the 
remaining p lants (Table 15). 
The mean conidial size measured from these p lants were 35.323 
X 17.215 jum, 34.682 X 18.411 ^m, 27.987 X 15-321 ;am, 27.992 X 
13.763 jdm, 31.115 X 15.610 ^ m , 37.684 X 18.185 >im, 31.056 X 14.700 
pm, 29.136 X 16.016 yum, 36.129 X 14.116 pm and 33.525 X 16.621 yum 
and mean L/B rat ios determined were 2.22, 1.83, 1.89, 2.10, 2.03, 
2.15, 2 .11, 1.81, 2.38 and 2.05 respect ively. 
S^. fuliginea was identified on Cineraria s p p . , C. officinalis 
and H. annuas , after the fibrosin bodies tes t . These bodies were 
var iab le in shape like rod, d isc , cone, plate and were invar iab ly 
present in the conidia of the collected samples (Table 35). Out of 
307 examined samples of the infected composites, 158 showed few 
conidia without fibrosin bodies, while in the remaining 149 samples 
these bodies were invar iab ly present in a l l the the conidia (Table 
33, Fig. 12). The per cent occurrence of conidia with fibrosin 
bodies was 87.49 and mean number of fibrosin bodies per conidium 
9.01, in the observed samples (Table 34, Fig. 13,14). Mean number 
of fibrosin bodies per conidium in Cinerar ia s p p . , C. officinalis 
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and H. annuus was counted 9.65, 7.55 and 9.83 with range of 5 to 
12 (Table 35, Fig. 18). Mean per cent germination for _S. fuliginea 
was lU. 93 and 75.66 for ^ . cichoracearum. Per cent forking of the 
germ tubes of _S. fuliginea was 52.25 (Table 36, Fig. 20,21). The 
conidia of E. cichoracearum were devoid of fibrosin bodies and en 
germination produced simple and s t ra igh t germ tubes (non forked) 
with well developed appressor ia at the t ip of the germ tube. 
District : Etawah 
Survey for the incidence and intensi ty was conducted m 
second week of December, 1992 and aga in in the fourth week cf 
January , 1993, in various locali t ies of this district (Fig. 9 • 
Table-22 clear ly shows the plants encountered during the surve}' . 
Varying disease intensity was noted on different composites 
(Table 20). The severity of the disease on C. sulphureus, T. 
va r i ab i l i s , H. annuus and X. strumarium was high. While 
Acroclinium s p . , Cineraria s p p . , C. officinalis , Coreopsis spp. and 
Z. eleqans were free from the infection in some cf the local i t ies . 
— w 
The incidence of the disease was 67 per cent on X^ . strumarium, 70 
per cent ^ . a lba and ^ . va r i ab i l i s and 75 per cent on H. annuus . 
In the remaining plants it remains below 65 per cent (Table 15). 
Anamorph stage of the fungus was only present en the collected 
samples. 
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The mean conidial size measured from Acroclinlum spp . , 
Cinerar ia s p p . , C. off icinal is , Coreopsis s p p . , C. su lphureus , I). 
v a r i a b i l i s , E. a lba , H. annuus , X. strumarium and Z^ . elegans were 
36.086 X 17.116 ;im, 34.^28 X 18.132 ^m, 29.058 X 15-167 /im, 27.865 
X 13.621 ;jm, 31.085 X U.120 ;um, 37-165 X 18.226 }xm, 30.132 X 
13.923 jam, 30.319 X 16.219 JJim, 36.018 X U.562 ^m, and 3/;.028 X 
16.625 um respectively and mean L/B rat ios were 2.10, 1.90, 1.95, 
2.10, 2.18, 2.03, 2.22, 1.88, 2.25 and 2.10. 
To study the presence of fibrosin bodies, 209 Compositae 
samples were examined. Out of these, 112 samples showed few 
conidia without fibrosin bodies, on the other hand 97 samples 
showed all conidia with fibrosin bodies (Table 33, Fig. 12). The 
mean number of conidia with fibrosin bodies was 87-15 per cent and 
the mean number of fibrosin bodies per conidium 8.45 (Table 34, 
Fig. 13,14). Well developed, discrete and various shapes of 
fibrosin bodies were inva r i ab ly present in the conidia of powdery 
mildew collected from Cinerar ia spp, C. officinalis and 11. annuus . 
The mean number of fibrosin bodies per conidium in these plants 
were 9.89, 7.27 and 8.19, while range var ies from 5 to 12 (Table 
35, Fig. IS). The mean per cent germination of ^ . fuliginea and 
E^ . cichoracearum was 76.75 and 79.21 respect ively. Per cent 
forking in the germ tube of _S. fuliginea was 51.38 (Table 36, Fig. 
20,21). Conidia of E^ . cichoracearum produced s t ra ight germ tubes 
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with well developed appressor ia . The germ tubes emerge from the 
ba sa l / ap i ca l portion of the conidia. 
Severely infected p lan ts of C. coronarium were observed from 
Bela, Bidhuna and Chakarnagar , while mild infection from 
jaswantnagar and Bakewar locali t ies of th is d i s t r ic t . Mycelium was 
well developed and ectophytic in na tu re . Conidia were cyl indrical 
in shape and devoid of fibrosin bodies. The mean conidial 
dimension measured 28.280 X 13.532 pm and mean length/breadth 
determined was 2.06. On these charac te r i s t ics E. cichoracearum was 
recognized as the causa l agent o[ disease on this p lan t . 
District : Kanpur 
The study a rea which included various localities of the 
dis tr ict are presented in Fig. 10. Different Compositae members 
were encountered with powdery mildew infection and invar iably 
showed vary ing degree of disease intensity (Table 21). This 
distr ict was surveyed in the first week of October, 1992. The 
severity of the disease on C. officinalis, C. sulphureus and X. 
strumarium was high in some local i t ies , while others were mild tc 
moderately infected. It was observed that in few localities plants 
were free from the infection. The disease incidence was 70 per cen: 
en Cineraria s p p . , D. v a r i a b i l i s , and X. strumarium; 65 per cen: 
on C. sulphureus but below 60 per cent on the remaining plants 
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(Table 16). All the collected samples were found with anamorph 
stage of the fungus. Tables 23-32 clear ly shows the mean conidial 
dimensions of Acroclinium spp . (36.989 X 17.850 ^ m ) , Cineraria spp . 
(34.^02 X 18.063 jJm), C. officinalis (29.765 X 15.227 pm), Coreopsis 
spp. (28.115 X 13.775 | im), C. sulphureus (31.162 X 15.050 | im) , D. 
va r i ab i l i s (37.467 X 18.159 yum), E. a lba (31.060 X U.805 jum), H. 
annuus (30.016 X 16.312 jam), X. strumarium (35.332 X 15.395 yum) 
and Z^ . e legans (33-662 X 15.327 wm) and the mean length/breadth 
rat ios determined were 2.12, 1.89, 1.85, 2.10, 2.10, 2.05, 2.13, 
1.90, 2.24 and 2 .21 . 
For the fibrosin bodies test 263 samples were observed and it 
was found tha t out of these, 183 samples contain few conidia 
without fibrosin bodies but in the remaining 80 samples these bodies 
were present in a l l the conidia (Table 33, Fig. 12). The mean per 
cent occurrence of conidia with fibrosin bodies was 89.64 and mean 
number of fibrosin bodies per conidium counted was 7.74 (Table 34, 
Fig. 13,14). Cinerar ia s p p . , C. officinalis and H. annuus were 
found infected with S. fulioinea from this d i s t r i c t . The conidia of 
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these p lan ts possessed well developed fibrosin bodies. The mean 
number of fibrosin bodies per conidium in these plants counted were 
7.33, 8.32 and 7.58, whereas, range var ies form 5 to 11 (Table 35, 
Fig. 19). 
While observing the germination tes ts it was noticed that 
simple and forked germ tubes emerge from the conidia. Mean per 
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cent germination for _S. fuliginea and E. cichoracearum was 76.85 
and 75.43 respect ively. Per cent forking in the germ tubes of ^ . 
fuliginea was 53 .U (Table 36, Fig . 20,21). The conidia of E. 
cichoracearum were devoid of fibrosin bodies and produced simple 
germ tubes with appressor ia l development at the tip of the germ 
tubes . 
Moderate to mild infection on leaves of C. coronarium was 
observed from Rasulabad, Rura, Akbarpur and Sikandra localities of 
this d i s t r i c t . While observing the morphology of conidia it was 
found cy l indr ica l and ba r r e l shaped and devoid of fibrosin bodies. 
The mean conidial dimension measured was 28.520 X 13.082 pm and 
mean L/B ra t io 2.15. Due to the absence of fibrosin bodies in the 
conidia the pathogen was indentified as ^ . cichoracearum. 
District : Mathura 
For the incidence and intensi ty of powdery mildew on various 
composites, some locali t ies in this dis t r ic t in the fourth week of 
February , 1992 were surveyed (Fig. 11, Table 22). The disease 
intensi ty was high on C. officinalis . C. sulphureus and D_. 
va r i ab i l i s among cul t ivated and on E^. a lba among wild composites 
(Table 21). The disease incidence was 62 per cent on C. 
officinalis , 68 per cent on £ . va r i ab i l i s and 70 per cent on E. 
a lba , while on rest of the p lants it was below 60 per ceni 
{Table 16). For determining the mean conidial size from various 
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DISTRICT: MATHURA 
A r e a - 3797 sq^km 
25 
KM 
Local i t ies in the D is t r i c t : 
1 . Siiahpur 
2. Barsana 
3. Chhata 
4 . Akbarpur 
5. Br indaban 
6. Govardhan 
7 . Gokul 
8. Baldev 
A Erysiphe cichorocearum 
D Sphgerothecg ful iginea 
FIG. 11 DISTRIBUTION OF POWDERY MILDEW IN DISTRICT 
MATHURA. 
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plants the length and breadth of conidia were measured and L/B 
rat io was determined. The data presented in Tables 23-32 clearly 
shows the mean conidial size of Acroclinium spp . (35-895 X 16.362 
^m; ra t io 2.15), Cinerar ia spp . (33.608 X 18.214 /im; ra t io 1.84), 
C. officinalis (29.162 X 14.863 jum; ra t io 1.93), Coreopsis spp . 
(27.910 X 13.229 pm; r a t io 2.13), C. sulphureus (30.925 X 14.928 
;am; ra t io 2.07), D. v a r i a b i l i s (37.645 X 18.089 ^m; ra t io 2.13), E. 
a lba (30.105 X 14.128 ;um; ra t io 2.15), H. annuus (28.525 X 16.082 
^m; ra t io 1.84), X. strumarium (35.024 X 15.178 ^m; rat io 2.28), 
and Z. elegans (32.247 X 15.860 /im; ra t io 2.10). 
For the fibrosin bodies test , 412 samples were examined, out 
of these 254 contain few conidia without fibrosin bodies, while in 
rest of the 158 samples these bodies were present in a l l the conidia 
(Table 33, Fig. 12). The mean per cent occurrence of conidia with 
fibrosin bodies from these samples was 89.28 and mean number of 
fibrosin bodies per conidium was 8.11 (Table 34, Fig. 13,14). Well 
developed, refractive with various shapes of fibrosin bodies were 
invar iab ly present in the conidia of powdery mildew collected from 
Cineraria s p p . , C. officinalis , and H. annuus from this d i s t r ic t . 
So, the presence of _S. fuliginea on these p lan t s could not be ruled 
out. The mean number of fibrosin bodies per conidium counted from 
these plants were 6,85, 8.60, and 8.90 with range of 5 to 12 (Table 
35, Fig. 19). 
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While observing the germination tests it was noted that both 
type of germ tubes were given out by the conidia. The mean per 
cent germination was 73-33 for _S. fuliginea and 83.39 for E. 
cichoracearum pathogen. Per cent forking in _S. fuliginea germ 
tubes was 52.^6. The conidia of _E. cichoracearum on germination 
produced simple and s t ra ight germ tubes with well developed 
appressor ia at the t ip (Table 36, Fig. 20,21). 
Beside above mentioned p l a n t s , ^ , coronarium was also found 
with powdery mildew infection in few locali t ies (Shahpur, Barsana 
and Govardhan) of this d i s t r i c t . Mild to moderate infection was 
noted on the plants in these local i t ies . Conidial stage of the 
fungus was present , charac te r i s t i c of E^. cichoracearum as conidia 
were cy l indr ica l and ba r r e l shaped and lacking fibrosin bodies. On 
measuring the mean size of the conidia was found to be 29.263 X 
13.86A um with mean L/B ra t io of 2.13. 
Overall assessment 
The a reas included in the study in the dis t r ic ts of Agra, 
Aligarh, Allahabad, Barei l ly, Budaun, Bulandshahr , Etah, Etawah, 
Kanpur and Mathura, var ious Compositae members were found to be 
infected with two powdery mildews viz . E^. cichoracearum and S. 
fuliginea, though E. cichoracearum is predominant and mainly 
responsible for the disease on the members of this family. The 
identity was determined mainly on the charac te rs of anamorph of 
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the species. Conidial measurements, fibrosin bodies and germination 
tests resul ts supplement the identi ty determinants . 
Acroclinium s p p . , Coreopsis s p p . , C. sulphureus, £ . 
v a r i a b i l i s , E^ . a lba , X. strumarium and Z^ . elegans were found 
infected with E. cichoracearum, while Cinerar ia s p p . , C. officinalis 
and H. annuus were found with _S. fuliginea from al l the surveyed 
d i s t r i c t s . Beside these p l an t s , C. coronarium and ^ . s inuata were 
also found infected with powdery mildew in few d is t r i c t s . C. 
coronarium was found infected with E^ . cichoracearum from the 
dis t r ic ts of Agra, Aligarh, Etawah, Kanpur and Mathura, whereas, 
D_. s inuata was found with _S. fuliginea from the dis t r ic ts of Aligarh 
and Budaun. In overal l assessment, E^. cichoracearum was mainly 
responsible for the disease in these d i s t r i c t s . 
Consistency in anamorph characters 
Anamorph charac te r s such as ectophytic nature of mycelium, 
morphology of conidiophores in relat ion to b ranching , arrangement 
of conidia on conidiophores, shape of conidia, dimensions of 
conidia, l eng th /b read th ra t io , presence or absence of fibrosin 
bodies in conidia , morphology and point of emergence of germ 
tubes on conidia and development of appressor ia were examined for 
their consistency in the samples of composites with powdery mildew 
collected from var ious dis t r ic ts in Uttar Pradesh. The main 
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objective of these studies was to determine the re l iabi l i ty of these 
charac te rs for ut i l izing them in identification of powdery mildev/ 
species infecting composites. The observations made for each 
charac te r i s t i cs are as follows : 
Mycelium 
In genera l , mycelium was ectophytic irrespective of the 
locality or dis t r ic t or the infected composite involved. This 
charac ter was common in a l l the samples examined and identified as 
E. cichoracearum and _S. ful iginea. In L^ . t au r ica , which also 
infects composites, mycelium is endophytic. So, on the basis of 
ectophytic nature of mycelium the possibli ty of L^ . taur ica causing 
powdery mildew of composites, in these studies can be eliminated. 
Conidiophores 
Conidiophores in a l l the samples of composites infected with 
powdery mildew were inva r i ab ly unbranched and septa te . This 
charac ter was also common in the examined samples and identified 
as E^ . cichoracearum and _S. ful iginea. 
Conidia 
Conidia were borne in chain in bas ipe ta l succession on 
conidiophores and this charac te r was also common to both the 
pathogens. The possibil i ty of involvement of L. taur ica was 
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eliminated, where conidiophores are branched emerging througn 
stomata, bear ing conidia singly at the t ips of conidiophore 
b ranches . 
Shape and Size of Conidia 
Shape and size of conidia studied in a l l the samples ci 
infected composites showed consistency and were of taxonom.c 
importance. Shape of conidia in different collections from various 
d is t r ic t s showed a great deal of consistency. Two types of conidia 
were identified from the collected samples. Conidia of _S. fuliginea 
were e l l ipsoidal in shape, while those of E_. cichoracearum were 
bar re l shaped with a tendency towards cyl indr ica l shape. Thus the 
shape of conidia of these two powdery mildew species var ied and 
were consistent regardless of composite sample or locality cr 
d i s t r i c t . The data on measurements of length and breadth c: 
conidia from al l the samples of var ious d is t r ic ts are presented in 
Tables 23-32. Some va r i a t ions , were observed in conidial 
dimensions when considered composite-wise or dis t r ic t -wise (Tables 
23-32). Length/breadth (L/B) ra t io calculated from the measurements 
of length and breadth of a l l conidia of each composite showed more 
or less consistent f igure. It was more than 2 (mostly 2.10) for ^ . 
cichoracearum and was less than 2 (mostly 1.80) for _S. fuliginea 
(Tables 23-32). The measurement of conidia in relation to length, 
breadth and L/B ra t io appeared to be great ly consistent and 
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was useful for differentiating E^ . cichoracearum from _S. fuliginea. 
Fibrosin bodies 
The data presented in Table-S-i and 35 shows that fibrosin 
bodies were invar iab ly present in the conidia of powdery mildew. 
Fibrosin bodies were well developed, discrete and easily 
d i s t inguishable . These were, however not present in all the 
conidia of a l l the samples of composites (Fig. 12). A number cf 
conidia in some of the samples were devoid of fibrosin bodies, cf 
a l l the 2917 samples collected from different d is t r ic ts examined, 1/185 
showed some conidia without fibrosin bodies whereas, in lZf32 
samples, fibrosin bodies were invar iab ly present in al l the conidia. 
The per cent occurrence of fibrosin bodies in conidia ranged 
from 86.25 to 92.52. Number of fibrosin bodies per conidium also 
var ied . Mean number of fibrosin bodies per conidium in various 
dis t r ic ts ranged between 7.38 to 9 .01. The presence of fibrosin 
bodies in the conidia, showed that this charac ter is of great 
taxonomic value and is useful and re l iable for identification of _S. 
fuliginea and E^ . cichoracearum infecting composites. 
Germination of Conidia 
The data on conidial germination, forking of germ tubes and 
appressor ia l development are presented in Table-36. The per cent 
germination of conidia var ied in the samples of composites collected 
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Table 12 
Frequency of Occurrence of powdery mildews on Compositae in some 
localities of Agra and Aligarh district 
iiC )calities 
Agra 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
Jagner 
Sarendhi 
Fatehpursikri 
Runakata 
Khandauli 
Tundla 
Iradatnagar 
Fatehabad 
Jetpur 
Aligarh 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
Atrauli 
Charra 
Sikandra Rao 
Hathras 
Mandrak 
Harduaganj 
Iglas 
Khair 
Tappal 
Acr 
70 
60 
0 
30 
0 
35 
40 
-
60 
50 
-
70 
50 
-
45 . 
30 
0 
50 
0 = No infection; - = 
Cin = Cineraria sp.; Cc 
Cs = Cosmos sulphureus; 
Ha = Helianthus annuus; 
Cin 
30 
0 
0 
0 
20 
20 
25 
0 
0 
-
35 
-
0 
-
35 
0 
-
— 
Co 
45 
30 
35 
-
-
45 
-
35 
-
50 
45 
30 
-
25 
25 
10 
0 
10 
Frequency of Occurrence (56) 
= Plant not 
) = Calendu] 
Dv 
Xs 
Cor 
15 
0 
0 
-
10 
-
0 
-
-
25 
0 
0 
0 
15 
-
0 
-
-
Cs 
73 
45 
56 
0 
-
44 
33 
-
40 
55 
-
50 
30 
50 
50 
70 
0 
0 
found; 
Dv 
70 
30 
-
10 
25 
50 
-
35 
10 
0 
25 
30 
36 
45 
50 
70 
70 
30 
Acr = 
.a officinalis; 
= Dahlia variabilis; ] 
= Xanth lium strumarium 
Ea 
60 
0 
15 
0 
19 
26 
32 
55 
-
25 
49 
0 
50 
40 
45 
45 
0 
0 
Ha 
30 
10 
25 
25 
10 
15 
0 
22 
0 
0 
0 
45 
30 
35 
0 
45 
30 
0 
Xa 
70 
30 
40 
50 
15 
10 
40 
46 
35 
45 
50 
40 
36 
25 
10 
10 
30 
25 
Acroclinium sp. 
Cor 
Ea = 
; Ze 
= Coreopsis 
Eclipt ;a alb 
= Zinnia el 
Ze 
30 
40 
0 
0 
0 
15 
10 
25 
40 
0 
40 
0 
0 
20 
10 
10 
25 
0 
f 
; sp.; 
la; 
eeans 
—^ 
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Table 13 
Frequency of Occurrence of powdery mildews on Compositae in some 
localities of Allahabad and Bareilly district 
Allahabad 
1. Manjhanpur 
2. Athrampur 
3. Chayal 
4. Phulpur 
5. Handia 
6. Karchana 
7. Sisma 
8. Manda 
Bareilly 
1. Baheri 
2. Nawabganj 
3. Bhojipura 
4. Rithora 
5. W. Fatehganj 
6. Sirauli 
7. Anwala 
8. Makrandpur 
Acr 
50 
30 
45 
0 
-
0 
15 
0 
35 
28 
18 
30 
0 
-
0 
40 
0 = No infection; - = 
Cin = Cineraria 
Cin 
35 
42 
0 
0 
0 
15 
-
10 
10 
0 
0 
0 
-
40 
28 
0 
Co 
10 
20 
25 
20 
0 
28 
31 
46 
50 
-
15 
15 
32 
30 
0 
-
Frequency of Occurrence (%) 
Plant not 
sp.; Co = C 
Cs = Cosmos sulphureus; 
Ha = Helianthus annuus; 
; Dv 
; Xs 
Cor 
15 
0 
0 
0 
0 
-
-
0 
0 
-
30 
40 
-
0 
-
-
Cs 
74 
46 
50 
60 
35 
33 
42 
0 
50 
40 
30 
20 
28 
35 
0 
40 
found; 
Dv 
60 
55 
33 
0 
25 
10 
15 
0 
0 
45 
30 
35 
-
30 
0 
-
Acr = 
alendula officinalis; 
= Dahlia variabilis; 
= Xanthium strumarium 
Ea 
55 
0 
0 
25 
15 
25 
40 
45 
50 
70 
0 
60 
30 
0 
30 
35 
Ha 
0 
15 
0 
0 
30 
20 
0 
-
0 
10 
15 
30 
0 
-
0 
35 
Xa 
10 
30 
45 
80 
65 
35 
0 
45 
56 
0 
68 
0 
72 
0 
15 
25 
: Acroclinium sp. 
Cor 
Ea = 
i; Ze 
= CoreoDsis 
Eclipt ;a alb 
= Zinnia el 
Ze 
15 
0 
0 
0 
15 
35 
0 
0 
-
-
30 
0 
-
0 
15 
30 
» 
• sp.; 
la; 
egans 
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Table 14 
Frequency of Occurrence of powdery mildews on Compositae in some 
localities of Budaun and Bulandshahr district 
LocaLLities 
Budavm 
1. Babrala 
2. Islamnagar 
3. Wazirganj 
4. Sahaswan 
5. Kachhlaghat 
6. Ujhani 
7. Binawar 
8. Dataganj 
Bulandshahr 
1. Siyana 
2. Gulavthi 
3. Aurangabad 
4. Dankaur 
5. Jewar 
6. Khurja 
7. Shikarpur 
8. Pahasu 
Acr 
40 
35 
0 
0 
0 
40 
50 
-
40 
0 
-
30 
20 
25 
-
— 
0 = No infection; - : 
Cin = Cineraria sp.; Co 
Cs = Cosmos sulphureus; 
Ha = Helianthus annuus; 
Cin 
70 
46 
-
50 
-
0 
0 
-
0 
0 
0 
40 
10 
30 
0 
— 
Frequency of 
Co 
30 
50 
48 
50 
50 
80 
40 
0 
10 
0 
30 
40 
20 
-
25 
10 
= Plant not 
= Calendul; 
; Dv 
; Xs 
= Dahl: 
Cor 
22 
36 
0 
0 
0 
-
35 
-
0 
10 
20 
0 
-
-
0 
35 
' Occurrence (%) 
Cs 
10 
20 
70 
36 
50 
-
40 
35 
35 
40 
-
40 
10 
20 
-
30 
found; 
a of f i 
Dv 
0 
46 
80 
45 
10 
0 
40 
50 
0 
30 
35 
40 
10 
50 
40 
0 
Acr = 
.cinalis; 
La variabi 
= Xanthium s 
.lis; 
itrumarium 
Ea 
10 
20 
30 
40 
45 
-
33 
60 
0 
36 
48 
50 
40 
30 
0 
20 
Ha 
46 
50 
40 
60 
10 
60 
0 
0 
0 
30 
38 
76 
50 
42 
50 
44 
Xs 
50 
0 
35 
33 
20 
10 
0 
18 
42 
38 
80 
50 
40 
30 
30 
35 
Acroclinium sp. 
Cor = 
Ea = 
; Ze = 
= CoreoDsis 
: Eel ipta a 
: Zinnia el 
Ze 
28 
0 
0 
50 
-
0 
36 
-
25 
-
36 
-
50 
0 
-
37 
' 1 
s sp. ; 
ilba; 
.egans 
I l l 
Table 15 
Frequency of Occurrence of powdery mildews on Compositae in some 
localities of Etah and Etawah district 
Localities 
Acr 
Frequency of Occurrence (%) 
Cin Co Cor Cs Dv Ea Ha Xs Ze 
Etah 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
Kasganj 
Kadirganj 
Sahawar 
Marhara 
Jalesar 
Basundhra 
Malawan 
Dhumri 
Etawah 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
Jaswantnagar 
Chaubiya 
Bela 
Bidhuna 
Bharthana 
Bakewar 
Chakarnagar 
Sarai Ajitmal 
50 
0 
0 
40 
0 
-
45 
0 
0 
-
30 
50 
45 
0 
0 
60 
0 
0 
15 
20 
10 
36 
-
0 
60 
48 
0 
0 
55 
0 
0 
43 
60 
42 
0 
33 
0 
0 
40 
45 
0 
35 
40 
0 
30 
10 
0 
0 
0 
0 
0 
55 
0 
0 
60 
0 
45 
10 
25 
0 
0 
-
0 
38 
70 
50 
30 
0 
40 
50 
0 
35 
55 
40 
-
60 
50 
35 
39 
42 
0 
60 
55 
40 
30 
80 
58 
35 
40 
50 
62 
70 
0 
10 
20 
30 
30 
50 
40 
0 
35 
60 
0 
55 
45 
70 
55 
65 
30 
40 
55 
20 
40 
50 
16 
0 
0 
48 
50 
60 
44 
75 
0 
30 
45 
50 
60 
30 
0 
77 
55 
46 
30 
0 
29 
43 
58 
60 
10 
20 
67 
56 
44 
0 
0 
0 
40 
30 
50 
0 
-
51 
0 
0 
-
53 
50 
-
44 
43 
0 = No infection; - = Plant not found; Acr = Acroclinium sp.; 
Cin = Cineraria sp.; Co = Calendula officinalis; Cor = Coreopsis sp.; 
Cs = Cosmos sulphureus; Dv = Dahlia variabilis; Ea = Eclipta alba; 
Ha = Helianthus annuus; Xs = Xanthium strumarium; Ze = Zinnia elegans 
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Table 16 
Frequency of Occurrence of powdery mildev/s on Compositae in some 
localities of Kanpur and Mathura district 
Localities Frequency of Occurrence {%) 
Acr Cin Co Cor Cs Dv Ea Ha Xs Ze 
Kanpur 
1. 
2. 
3. 
4. 
5. 
6, 
7. 
8. 
Makanpur 
Rasulabad 
Bithur 
Rura 
Akbarpur 
Sikandra 
Bhognipur 
Sadh 
Mathura 
1. 
2. 
3, 
4. 
5. 
6. 
7. 
8. 
Shahpur 
Barsana 
Chhata 
Akbarpur 
Brindaban 
Govardhan 
Gokul 
Baldev 
0 
0 
0 
50 
0 
40 
-
0 
0 
-
45 
-
50 
0 
0 
33 
50 
0 
46 
0 
0 
45 
75 
-
-
55 
40 
30 
0 
0 
25 
— 
35 
60 
0 
46 
0 
50 
54 
30 
32 
42 
60 
0 
25 
0 
0 
62 
0 
0 
30 
10 
15 
28 
0 
35 
40 
48 
-
-
60 
50 
40 
-
50 
40 
0 
60 
65 
38 
20 
10 
15 
0 
30 
45 
40 
20 
0 
20 
60 
56 
55 
0 
54 
0 
70 
28 
48 
20 
68 
50 
33 
48 
29 
41 
60 
50 
0 
10 
40 
45 
0 
10 
20 
30 
0 
46 
35 
70 
20 
70 
0 
0 
55 
40 
0 
30 
38 
40 
0 
30 
0 
0 
35 
0 
40 
45 
10 
60 
50 
40 
70 
25 
10 
15 
40 
20 
15 
0 
30 
0 
50 
20 
0 
0 
30 
25 
20 
10 
28 
15 
40 
0 
0 
50 
40 
30 
0 
25 
0 = No infection; - = Plant not found; Acr = Acroclinium sp.; 
Cin = Cineraria sp.; Co = Calendula officinalis; Cor = Coreopsis sp.; 
Cs = Cosmos sulphureus; Dv = Dahlia variabilis; Ea = Eclipta alba; 
Ha = Helianthus annuus; Xs = Xanthium strumarium; Ze = Zinnia elegans 
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Table 17 
Severity of powdery mildew on Compositae in some localities 
of Agra and Aligarh district 
Localities 
Agra 
Composites Infected 
Acr Cin Co Cor Cs Dv Ea Ha Xs Ze 
1. 
2. 
3. 
4. 
5. 
6, 
7. 
8. 
9. 
Jagner 
Sarendhi 
Fatehpursikri 
Runakata 
Khandauli 
Tundla 
Iradatnagar 
Fatehabad 
Jetpur 
Aligarh 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
Atrauli 
Charra 
Sikandra Rao 
Hathras 
Mandrak 
Harduaganj 
Iglas 
Khair 
Tappal 
+ 
+ 
-
+ 
-
++ 
+ 
+ 
+ 
++ 
++ 
++ 
+ 
-
+ 
+ 
-
-
-
+ 
++ 
+ 
-
-
+ 
-
+ 
-
++ 
+ 
++ 
+++ 
++ 
+++ 
++ 
+ 
+ 
+++ 
+++ 
-
+ 
+ 
-
-
+ 
-
+ 
-
-
-
+ 
-
++-
++-
++-
-
+++ 
++-f 
+++ 
+++ 
+++ 
+ 
+++ 
+++ 
+ 
-
-
+++ 
+++ 
++ 
++ 
+++ 
+++ 
++ 
-
+ 
+++ 
++ 
+++ 
+++ 
+++ 
+ 
+++ 
++ 
-
++ 
-
++ 
++ 
++ 
+ 
+ 
++ 
-
+ 
+ 
+ 
++ 
-
-
+++ 
++ 
+++ 
+++ 
+ 
++ 
-
+++ 
-
-
-
++ 
++ 
+++ 
-
+ 
+ 
-
++ 
+++ 
+++ 
+++ 
+ 
++ 
+++ 
+++ 
+++ 
++ 
+ 
+ 
++ 
+++ 
++ 
+++ 
+ 
++ 
+ 
++ 
-
-
-
+ 
+ 
++ 
+ 
-
+ 
-
-
++ 
++ 
+ 
+ 
-
= No infection; + = Mild; ++ = Moderate; +++ = Severe infection 
Acr = Acroclinium sp.; Cin = Cineraria sp.; Go = Calendula officinalis; 
Cor = Coreopsis sp.; Cs - Cosmos sulphureus; Dv = Dahlia variabilis; 
Ea = Eclipta alba; Ha = Helianthus annuus; Xs = Xanthiuni strumariun;: 
Ze = Zinnia elegans. 
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Table 18 
Severity of powdery mildew on Compositae in some localities 
of Allahabad and Bareilly district 
;£ilities 
Allahabad 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
Manjhanpur 
Athrampur 
Chayal 
Phulpur 
Handia 
Karchana 
Sirma 
Manda 
Bareilly 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
Baheri 
Nawabganj 
Bhojipura 
Rithora 
W. Fatehganj 
Sirauli 
Anwala 
Makrandpur 
Acr 
+ 
+ 
++ 
-
-
+ 
-
++ 
+ 
+ 
++ 
-
-
++ 
Cin 
++ 
+ 
-
-
-
+ 
++ 
+ 
-
-
-
+ 
++ 
-
Co 
++ 
+ 
+ 
+ 
-
++ 
++ 
+ 
+ 
+ 
+ 
+ 
++ 
-
Composites Infected 
Cor Cs Dv 
+ + +++ 
- ++ + 
- ++ +++ 
- ++ -
- + +++ 
+++ ++ 
+ ++ 
- - -
+++ -
+ ++ 
+ ++ +++ 
+ + ++ 
+ 
- + ++ 
-
++ 
Ea 
+ 
-
-
++ 
++ 
+ 
+ 
+ 
++ 
+++ 
-
++ 
+++ 
-
+++ 
++ 
Ha 
-
+ 
-
-
++ 
+ 
-
-
+ 
+ 
+ 
-
-
++ 
Xs 
+++ 
+++ 
+++ 
++ 
+++ 
~++ 
-
-r + + 
+ + 
-
+ + 
-
+ + + 
-
+ + 
+ •>- + 
Ze 
+ 
-
-
-
+ 
++ 
-
-
+ 
-
-
+ 
++ 
= No infection; + = Mild; ++ = Moderate; +++ = Severe infection 
Acr = Acroclinium sp.; Cin = Cineraria sp.; Co = Calendula officinalis; 
Cor = Coreopsis sp.; Cs = Cosmos sulphureus; Dv = Dahlia variabilis; 
Ea = Eclipta alba; Ha = Helianthus annuus; Xs = Xanthium strumarium; 
Ze = Zinnia elegans. 
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Table 19 
Severity of powdery mildew on Compositae in some localities 
of Budaun and Bulandshahr district 
Dalities 
Budaun 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
Babrala 
Islamnagar 
Wazirganj 
Sahaswan 
Kachhlaghat 
Ujhani 
Binawar 
Dataganj 
Bulandshahr 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
Siyana 
Gulavthi 
Aurangabad 
Dankaur 
Jewar 
Khurja 
Shikarpur 
Pahasu 
Acr 
+ 
++ 
-
-
-
+ 
++ 
+ 
-
+ 
+ 
++ 
Cin 
+ 
+ 
+ 
-
-
-
-
-
++ 
++ 
+ 
-
Co 
+ 
+ 
+ 
++ 
+ 
+ 
+ 
-
+ 
-
++ 
++ 
+ 
++ 
++ 
Composites Infected 
Cor Cs 
+ ++ 
+ + 
- + 
- + 
- ++ 
+ ++ 
+ 
- ++ 
+ ++ 
+ 
- ++ 
+ 
+ 
-
+ ++ 
Dv 
-
++ 
+++ 
+++ 
++ 
-
+++ 
+++ 
-
++ 
+ 
++ 
+ 
++ 
+ 
— 
Ea Ha 
+ + 
+ + 
+ ++ 
++ + 
+ + 
++ 
+ -
++ -
-
+ +++ 
++ + 
+ ++ 
+ + 
+ +++ 
— + 
++ ++ 
Xs 
++ 
-
+++ 
+++ 
+++ 
++ 
-
++ 
++ 
+ 
++ 
++ 
++ 
+++ 
+++ 
+ 
Ze 
+ 
-
-
++ 
-
+ 
+ 
+ 
+ 
-
++ 
= No infection; + = Mild; ++ = Moderate; +++ = Severe infection 
Acr = Acroclinium sp.; Cin == Cineraria sp.; Co = Calendula officinalis; 
Cor = Coreopsis sp.; Cs = Cosmos sulphureus; Dv = Dahlia variabilis; 
Ea = Eclipta alba; Ha = Helianthus annuus; Xs = Xanthium strumarium; 
Ze = Zinnia elegans. 
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Table 20 
Severity of powdery mildew on Compositae in some localities 
of Etah and Etawah district 
:alities 
Etah 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
Kasganj 
Kadirganj 
Sahawar 
Marhara 
Jalesar 
Basundhra 
Malawan 
Dhumri 
Etawah 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
Jaswantnagar 
Chaubiya 
Bela 
Bidhuna 
Bharthana 
Bakewar 
Chakarnagar 
Sarai Ajitmal 
Acr 
+ 
-
-
+ 
-
+ 
-
-
+ 
++ 
+ 
-
-
+ 
Cin 
-
-
+ 
+ 
++ 
+ 
-
+ 
+ 
-
-
+ 
-
-
+ 
Co 
++ 
+ 
-
+ 
-
-
+ 
++ 
-
++ 
+ 
-
+ 
+ 
-
— 
Composites Infected 
Cor Cs Dv 
- ++ -
- ++ ++ 
- + ++ 
+ - +++ 
- ++ ++ 
- + ++ 
+ - +++ 
- +++ + 
+ +++ +++ 
+ + + 
+ ++ 
- +++ +++ 
- +++ -
++ +++ 
- +++ +++ 
+ ++ + 
Ea 
+ 
+ 
++ 
-
++ 
+ 
-
+ 
++ 
+ 
+ 
+ 
++ 
+ 
+ 
+ 
Ha 
++ 
++ 
+ 
-
-
++ 
+ 
++ 
+++ 
+++ 
-
+ 
+++ 
+++ 
+ 
+++ 
Xs 
-
++ 
+++ 
+ 
+++ 
-
++ + 
+++ 
+++ 
+ 
+++ 
++ 
+++ 
+++ 
+++ 
-
Ze 
-
-
+ 
++ 
++ 
-
++ 
-
-
+ 
++ 
+ 
++ 
= No infection; + = Mild; ++ = Moderate; +++ = Severe infection 
Acr = Acroclinium sp.; Cin = Cineraria sp.; Co = Calendula officinalis; 
Cor = Coreopsis sp.; Cs = Cosmos sulphureus; Dv = Dahlia variabilis; 
Ea = Eclipta alba; Ha = Helianthus annuus; Xs = Xanthium strumarium; 
Ze = Zinnia elegans. 
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Table 21 
Severity of powdery mildew on Compositae in some localities 
of Kanpur and Mathura district 
Localities 
Acr 
Composites Infected 
Cin Co Cor Cs Dv Ea Ha Xs Ze 
Kanpur 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
Makanpur 
Rasulabad 
Bithur 
Rura 
Akbarpur 
Sikandra 
Bhognipur 
Sadh 
Mathura 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
Shahpur 
Barsana 
Chhata 
Akbarpur 
Brindaban 
Govardhan 
Gokul 
Baldev 
+ 
-
+ 
-
-
+ 
++ 
+++ 
+++ 
-
+++ 
-
+++ 
+++ 
++ 
— 
-
+ 
++ 
+ 
++ 
-
+ 
+ 
+++ 
-
++ 
+++ 
++ 
+++ 
+++ 
+ 
+ 
++ 
-
++ 
-
++ 
+ 
+ 
+ 
-
+ 
++ 
+ 
-
+ 
— 
-
+ 
++ 
-
+ 
++ 
+ 
+ 
+ 
+ 
+++ 
+++ 
++ 
+++ 
++ 
— 
-
++ 
+ 
+ 
+ 
++ 
+ 
+ 
+ 
++ 
-
-
++ 
+++ 
+ 
+++ 
-
+++ 
-
-
++ 
+ 
++ 
+ 
++ 
++ 
++ 
-
+++ 
++ 
+ 
++ 
-
+++ 
+++ 
+ 
++ 
• + + + 
++ 
+ 
+++ 
++ 
+++ 
+++ 
-
++ 
+ 
+++ 
+++ 
+++ 
— 
+ 
-
-
++ 
-
+ 
++ 
++ 
++ 
+ 
-
++ 
-
++ 
+ 
+ 
-
-
+ 
++ 
++ 
-
++ 
= No infection; + = Mild; ++ = Moderate; +++ = Severe infection 
Acr = Acroclinium sp.; Cin = Cineraria sp.; Co = Calendula officinalis; 
Cor = Coreopsis sp.; Cs = Cosmos sulphureus; Dv = Dahlia variabilis; 
Ea = Eclipta alba; Ha = Helianthus annuus; Xs = Xanthium strumarium; 
Ze = Zinnia elegans. 
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Table 22 
Different plants of the family Compositae found infected with powdery 
mildew in some distrcts of Uttar Pradesh 
District 
Agra 
Aligarh 
Allahabad 
Bareilly 
Budaun 
Period of Survey Members of Compositae found 
First week of 
November, 1991 
Last week of 
October, 1991 & 
First week of 
December, 1992 
Last week of 
March, 1992 
Second week of 
February, 1992 
Third week of 
January, 1992 
Acroclinium sp., Calendula officinalis, 
Cosmos sulphureus. Chrysanthemum 
coronarium, Cineraria sp.. Coreopsis sp 
Dahlia variabilis, Eclipta alba, 
Helianthus annuus, Xanthium strumarium, 
Zinnia elegans. 
Acroclinium sp., C. officinalis, 
C. sulphureus, C. coronarium. 
Cineraria sp.. Coreopsis sp., 
D. variabilis, Dimorphotheca sinuata, 
E_. alba, H. annuus, X. strumarium, 
Z^. elegans. 
Acroclinium sp., C. officinalis. 
Cineraria sp.. Coreopsis sp., 
£. sulphureus, D. variabilis, E. alba, 
H. annuus, X. strumarium, Z. elegans. 
Acroclinium sp., C^. officinalis. 
Cineraria sp., Coreopsis sp., 
£. sulphureus, D. variabilis, E. alba, 
H. annuus, X. strumarium, Z. elegans. 
Acroclinium sp., £. officinalis, 
C. sulphureus, Cineraria sp., Coreopsis 
sp., D. variabilis, D. sinuata, 
E. alba, H. annuus, X. strumarium, 
Z. eleeans. 
Contd. 
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Table 22 (Contd.) 
Bulandshahr First week of 
December, 1991 
Etah 
Etawah 
Kanpur 
Mathura 
First week of 
November, 1992 
Second week of 
December, 1992 
Fourth week of 
January, 1993 
First week of 
October, 1992 
Fourth week of 
February, 1992 
Acroclinium sp., C^. officinalis, 
Cineraria sp., Coreopsis sp., 
C. sulphureus, D. variabilis, E. alba, 
H. annuus, X. strumarium, 7^. elegans. 
Acroclinium sp., C. officinalis, 
Cineraria sp.. Coreopsis sp., 
C. sulphureus, D. variabilis, E. alba, 
H. annuus, X. strumarium, 7^. elegans. 
Acroclinium sp., C. officinalis. 
Cineraria sp., C. coronariun. 
Coreopsis sp., C. sulphureus, 
D. variabilis, E. alba, H. annuus, 
X. strumarium, Z^. elegans. 
Acroclinium sp., £. officinalis. 
Cineraria sp.. Coreopsis sp., 
C. coronarium, C. sulphureus, 
D. variabilis, E. alba, H. annuus, 
X. strumarium, Z^. elegans. 
Acroclinium sp., C. officinalis. 
Cineraria sp., Coreopsis sp., 
iC. coronarium, C. sulphureus, 
D. variabilis, E. alba, H. annuus, 
X. strumarium, ^ . elegans. 
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Table 33 
Occurrence of fibrosin bodies in conidia of Compositae samples 
infected with powdery mildew 
District 
Conidia With 
Fibrosin bodies 
(No. of samples) 
Few Conidia without 
Fibrosin bodies 
(No. of samples) 
Agra (407) 
Aligarh (375) 
Allahabad (260) 
Bareilly (278) 
Budaun (247) 
Bulandshahr (159) 
Etah (307) 
Etawah (209) 
Kanpur (263) 
Mathura (412) 
303 
210 
128 
128 
101 
78 
149 
97 
80 
158 
104 
165 
132 
150 
146 
81 
158 
112 
183 
254 
Figures in parenthesis indicate the number of samples observed. 
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Table 34 
Percent occurrence of fibrosin bodies in conidia and number of 
fibrosin bodies per conidium of ^ . fuliginea collected from 
various districts of Uttar Pradesh 
District 
Mean Conidia With 
Fibrosin bodies 
(%) 
Number of Fibrosin 
bodies per conidium 
(Mean) 
Agra 
Aligarh 
Allahabad 
Bareilly 
Budaun 
Bulandshahr 
Etah 
Etawah 
Kanpur 
Mathura 
89.92+3.67 
86.25+7.16 
88.68+3.19 
87.08+3.10 
92.52+2.34 
88.19+8.56 
87.49+2.84 
87.15+5.60 
89.64+4.72 
89.28+2.65 
7.39+1.84 
7.70 +1.61 
8.30+1.18 
7.78+1.94 
7.38+1.48 
7.64_+0.89 
9.01+0.77 
8.45+1.26 
7.74+1.61 
8.11+1.41 
Values are based on measurements of 80 conidia per treatment 
+ Standard deviation. 
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Table 35 
Mean number of fibrosin bodies per conidium in some Compositae 
plants collected during survey 
District 
Agra 
Aligarh 
Allahabad 
Bareilly 
Budaun 
Bulandshahr 
Etah 
Etawah 
Kanpur 
Mathura 
Cineraria spp. 
6.86 
(7-10) 
5.81 
(6-10) 
7.86 
(5-11) 
8.15 
(5-11) 
7.82 
(5-10) 
7.15 
(6-10) 
9.65 
(7-11) 
9.89 
(7-12) 
7.33 
(8-11) 
6.85 
(5-9) 
C- officinalis 
7.23 
(6-12) 
8.20 
(7-10) 
8.89 
(7-12) 
7.95 
(7-11) 
6.21 
(6-9) 
8.69 
(7-10) 
7.55 
(5-11) 
7.27 
(7-11) 
8.32 
(5-11) 
8.60 
(5-11) 
D. sinuata 
7.15 
(7-9) 
— 
_ 
6.86 
(5-10) 
_ 
.. 
.. 
_ 
_^ 
H. annuus 
8.10 
(5-11) 
9.66 
(7-11) 
8.15 
(6-10) 
7.25 
(5-10) 
8.65 
(7-11) 
7.08 
(6-9) 
9.83 
(7-12) 
8.19 
(5-12) 
7.58 
(6-10) 
8.90 
(6-12) 
Values are mean of 80 observations. 
- = Plant not found. 
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OCCURRENCE OF FIBROSiN BODIES 
IN CONIDIA OF SPHAEROTHECA FULIGINEA 
600 
400 -
300 
200 
100 
NO. OF INFECTED COMPOS!TAE SAMPLES 
Agr All All Bar Bud Bui Eta Etw Kan Mat 
DISTRICTS SURVEYED 
• i Series A KS3 Series B (HE! Series C 
Agr 
Ali 
All 
Bar 
Bud 
= Agra 
= Aligarh 
= Allahabad 
= Bareilly 
= Budaun 
Bui 
Eta 
Etw 
Kan 
Mat 
= Bulandshahr 
= Etah 
= Etawah 
= Kanpur 
= Mathura 
Series A = Total infected Compositae samples studied. 
Series B = Number of the samples with all conidia containing 
fibrosin bodies. 
Series C = Number of the samples with few conidia without 
fibrosin bodies. 
FIG. 12 
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PER CENT OCCURRENCE OF FIBROSIN BODIES 
IN CONIDIA OF SPHAEROTHECA FULIGINEA 
120 
COINDIA WITH FIBROSIN BODIES (%) 
Agr Ali All Bar Bud Bui Eta Etw Kan Mat 
DISTRICTS SURVEYED 
Agr 
Ali 
All 
Bar 
Bud 
= Agra 
= Aligarh 
= Allahabad 
= Bareilly 
= Budaun 
FIG. 
Bui 
Eta 
Etw 
Kan 
Mat 
13 
= Bulandshahr 
= Etah 
= Etawah 
= Kanpur 
= Mathura 
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MEAN NO. OF FIBROSIN BODIES/CONIDIUM IN 
THE CONIDIA OF SPHAEROTHECA FULIGINEA 
NO. OF FIBROSIN BODIES/CONIDIUM 
Agr Ali All Bar Bud Bui Eta Etw Kan Met 
DISTRICTS SURVEYED 
Agr 
Ali 
All 
Bar 
Bud 
= 
= 
= 
= 
Agra 
Aligarh 
Allahabad 
Bareilly 
Budaun 
FIG 
Bui 
Eta 
Etw 
Kan 
Mat 
14 
= 
= 
= 
= 
Bulandshahr 
Etah 
Etawah 
Kanpur 
Mathura 
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NO. OF F.B./CONIDIUM IN COMPOSITAE PLANTS 
COLLECTED FROM VARIOUS DISTRICTS 
MO. or- FlUMOOIt'l nODICO/COMlUIUM 
« » 
On Co 
DISTRICT : A3RA 
Ha 
NO, OF FIBHOSIN BODIES/CXJNIDIUM 
On Oo Ha 
DISTRCT; ALIGARH 
Series A ES3 Series B E G Series C 
Series A 
Series B 
Series C 
Cin = Cineraria spp. 
Co = C. officinalis 
Ha = H. annuus 
Ds = D. sinuata 
= Minimum number of fibrosin bodies/conidium. 
= Maximum number of fibrosin bodies/conidium. 
= Mean number of fibrosin bodies/conidium. 
FIG. 15 
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NO. OF F.B./CONIDIUM IN COMPOSITAE PLANTS 
COLLECTED FROM VARIOUS DISTRICTS 
NO. OF FIBROSIN BOD1E8/CONIDIUU 
On Co H9 
DSTFllCT: ALLAHABAD 
NO. OF FIBROBIN BOD1E8/CONIDIUM 
12 
10 
S 
ah 
4 -
2 -J 1 1 1 t 1 t O n Co Ha 
DISTRICT : BAREILLY 
Series A ESS Series B CEEZl Series C 
Series A 
Series B 
Series C 
Cin = Cineraria spp. 
Co = C. officinalis 
Ha = H. annuus 
Minimum number of fibrosin bodies/conidium, 
Maximum number of fibrosin bodies/conidium. 
Mean number of fibrosin bodies/conidium. 
FIG. 16 
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NO. OF F.B./CONIDIUM IN COMPOSITAE PLANTS 
COLLECTED FROM VARIOUS DISTRICTS 
NO, OF FIBROSIN BODIEB/CONIDIUM 
t fa li 
•iti 
12 
10 
On Co 
DISTRICT : BULANDSHAHR 
NO. OF FIBROSIN BQDIEB/(X)NIDILH.X 
H9 
a -• 
2 -i 1 1: g • 1 1 
On Oo Ha 
DISTRICT: BLDALN 
Da 
• i Series A ESS Series B ES] Series C 
Cin = Cineraria spp. 
Co = C. officinalis 
Ha = H. annuus 
Ds = D. sinuata 
Series A = Minimum number of fibrosin bodies/conidium, 
Series B = Maximum number of fibrosin bodies/conidium. 
Series C = Mean number of fibrosin bodies/conidium. 
FIG. 17 
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NO. OF F.B./CONIDIUM IN COMPOSITAE PLANTS 
COLLECTED FROM VARIOUS DISTRICTS 
NO. OF FIBH08IN BODIES/CONIDIUM 
DISTRICT: ETAH 
NO. OF FIBROBIN BODIES/CONIDfUf.) 
Co Ha 
DSTRICT: ETAAfAH 
Series A ESS3 Series B Series C 
Series A 
Series B 
Series C 
Cin = Cineraria spp. 
Co = C. officinalis 
Ha = H. annuus 
Minimum number of fibrosin bodies/conidium. 
Maximum number of fibrosin bodies/conidium. 
Mean number of fibrosin bodies/conidium. 
FIG. 18 
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NO. OF F.B./CONIDIUM IN COMPOSITAE PLANTS 
COLLECTED FROM VARIOUS DISTRICTS 
12 
10 
NO. OF FIBROSIN BODIE8/CONIDIUM 
1 1 i 1 I 1 1 i 
On Co 
DS"miCT: KAMPUn 
He 
NO. OF FIBHOSIN BOD1E8/CONIDIUM 
Co He 
DISTRICT : M^HURA 
Series A ESS Series B EEEl Series C 
Cin = Cineraria spp. 
Co = C. officinalis 
Ha = H. annuus 
Series A = Minimum number of fibrosin bodies/conidium. 
Series B = Maximum number of fibrosin bodies/conidium. 
Series C = Mean number of fibrosin bodies/conidium. 
FIG. 19 
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CONlDiAL GERMINATION AND FORKING OF 
GERM TUBES IN S.FULIGINEA 
PER CENT 
All Bar Bud Bui Eta Etw Kan Mat 
DISTRICT SURVEYED 
• • Series A KS3 Series B 
Agr 
Ali 
All 
Bar 
Bud 
= Agra 
= Aligarh 
= Allahabad 
= Bareilly 
= Budaun 
Bui 
Eta 
Etw 
Kan 
Mat 
= Bulandshahr 
= Etah 
= Etawah 
= Kanpur 
= Mathura 
Series A = Total conidial germination of §. fuliginea 
Series B = Per cent forking of germinating conidia. 
FIG. 20 
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CONIDIAL GERMINATION IN 
E.CICHORACEARUM 
100 
PER CENT 
Agr Ali All Bar Bud Bui Eta Etw Kan Mat 
DISTRICT SURVEYED 
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FIG. 21 
144 
from different d is t r ic ts ei ther composite-wise or distr ict-wise and 
did not show any definite t rend. Conidia from the samples of 
composites on germination produced two types of germ tubes i . e . 
simple and forked. Forking of germinating conidia was invar iab ly 
observed in a l l the samples of composites infected with _S. ful iginea. 
The per cent range of forking was from Ul-9^ to 56.36. Well 
developed appressor ia was observed at the t ip of the germ tube of 
conidia of E^ . cichoracearum and these germ tubes emerged from the 
s ide /ap ica l portion of the conidia in a l l the composites infected 
with powdery mildew. Conidia of _S. fuliginea showed a germination 
range of 69.38 to 79.57 per cent and those of E^ . cichoracearum 
69.04 to 80.13 per cent (Table 36, Fig. 20,21). These 
charac ter i s t ics are ample to differentiate the presence of both the 
pathogens on different members of family Compositae. 
Host range studies 
For the host range studies twenty cul t ivated and seven wild 
plants of the family Compositae were selected. Beside these, 
eighteen p lants of various families were also selected. These 
plants were tested against Cs (C. su lphureus ) , Cc (C .^ coronarium), 
Dv {'D_. v a r i ab i l i s ) and Ze (Z .^ elegans) isolates of E. cichoracearum 
collected from different localit ies of Aligarh dis tr ict and maintained 
in the glasshouse for desired length of time for the inoculation 
purposes. 
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It is evident from Table-37 that Cinerar ia s p . , D^ . va r i ab i l i s 
and Z_. e legans were susceptible to the Dv isolate under glasshouse 
and in the field. The Ze isolate produce symptoms on ^ . 
v a r i a b i l i s , H. annuus , in addit ion to i ts respective host under both 
the condit ions. While Cs and Cc isolates infect only their 
respective hosts under glasshouse as well as in the field. All the 
isolates of E^ . cichoracearum from the above cited hosts failed to 
infect any of the tested wild composites as well as the plants of 
different families (Table 38,39). 
The isolates of S. fuliginea designated as Ci, Co, Ds and Ha 
obtained from Cinerar ia s p . , C. officinalis , ^ . s inuata and tl. 
annuus responded positively only on their respective hosts both 
under glasshouse and in the field conditions (Tables LQ-L2). 
The isolates of ^ . cichoracearum from non-composi:es viz. A_. 
esculentus, B^ . hispida and C. cordifolia were able to produce 
symptoms only on their respective hosts and failed to infect 
cul t ivated and wild composites as well as the non - composites 
(Tables 43-^5). 
Varietal resistance 
Single cul t ivar of C. officinalis viz . Double mixed was 
res is tant and susceptible agains t Cc (C. coronarium) and Ze (Z. 
elegans) isolates under glasshouse and in the field (Table H). It 
is also clear from the same table that a l l the four cul t ivar? of C. 
146 
coronarlum which were tested agains t isolates of E^ . cichoracearum 
from Cs, Cc, Dv and Ze, Coronarium mixed was highly susceptible 
and susceptible aga ins t Cc and Ze isolates , Annual mixed was 
highly susceptible and res is tant agains t Cc and Ze isolates , while 
both Maxima may queen and Selection mixed were found to be highly 
susceptible aga ins t Cc isolate in glasshouse as well as in the field. 
Table-Zt8 indicates that out of three cu l t iva rs of Cinerar ia sp . 
tested, only Maxima mixed colours was res i s tan t in field, while 
susceptible under glasshouse agains t Dv iso la te . Eight cul t ivars of 
C. sulphureus were tested aga ins t ^ . cichoracearum and it is clear 
from the table that a l l the cul t ivars showed vary ing degree of 
suscept ibi l i ty agains t the pathogen under both the conditions. 
However, Early flowering mixed and Double crested mixed were 
found to be susceptible under both the conditions against Cs 
isola te . 
Among seven cu l t ivars of £ . va r i ab i l i s tested, Dwarf border 
mixed and Coltless hybrid mixed were found to be res is tant to Ze 
isolate under glasshouse but highly res is tant under field conditions. 
Dwarf double redskin showed resistance in the field whereas, 
suscept ibi l i ty under g lasshouse , while Unwins bedding, Decorative 
mixed and Exhibition mixed were found to be highly susceptible 
under glasshouse but remain susceptible in the field agains t Dv 
isolate (Table 49). Rest of the cul t ivars showed high resistance to 
al l the isolates of E. cichoracearum tested. 
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Table 37 
Intra family cross-infectivity of iso^  
on some cultivated 
Hosts Inoculated 
Acroclinium sp. 
Arctotis sp. 
Aster sp. 
Brachycome iberidifolia 
Calendula officinalis 
Carthamus tinctorius 
Centaurea moschata 
Cosmos sulphureus 
Chrysanthemum coronarium 
Cineraria sp. 
Coreopsis sp. 
Dahlia variabilis 
Dimorphotheca sinuata 
Gaillardia sp. 
Gazania splendens 
Helianthus annuus 
Helichrysum bracteatum 
Lactuca sativa 
Tagetes erecta 
Zinnia elegans 
Cs = Cosmos sulphureus; 
Dv = Dahlia variabilis; 
F 
R 
R 
R 
R 
R 
R 
R 
S 
1 R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
Cc 
Ze 
Cs 
GH 
R 
R 
R 
R 
R 
R 
R 
S 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
lates of Erys 
composites 
Soixrces 
F 
R 
R 
R 
R 
R 
R 
R 
R 
S 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
Cc 
GH 
R 
R 
R 
R 
R 
R 
R 
R 
S 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
;iphe ci 
of isolates 
F 
R 
R 
R 
R 
R 
R 
R 
R 
R 
S 
R 
S 
R 
R 
R 
R 
R 
R 
R 
S 
Dv 
GH 
R 
R 
R 
R 
R 
R 
R 
R 
R 
S 
R 
S 
R 
R 
R 
R 
R 
R 
R 
S 
= Chrysanthemum coronarium; 
= Zinnia elegans 
choracearum 
F 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
S 
R 
R 
R 
S 
R 
R 
R 
S 
Ze 
GH 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
S 
R 
R 
R 
S 
R 
R 
R 
S 
R = Resistant; S = Susceptible; F = In the Field; GH = Under Glasshouse 
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Table 38 
Intra family cross-infectivity of isolates of Erysiphe cichoracearum 
on some wild composites 
Sources of isolates 
Hosts Inoculated 
Ageratum conyzoides 
Conyza japonica 
Eclipta alba 
Sonchus oleraceous 
Tridax procumbens 
Vernonia cinerea 
Xanthium strumarium 
Cs = Cosmos sulphureus; 
Dv = Dahlia variabilis; 
F 
R 
R 
R 
R 
R 
R 
R 
Cc 
Ze 
Cs 
-
= 
GH 
R 
R 
R 
R 
R 
R 
R 
Chrys 
F 
R 
R 
R 
R 
R 
R 
R 
Cc 
GH 
R 
R 
R 
R 
R 
R 
R 
F 
R 
R 
R 
R 
R 
R 
R 
Dv 
GH 
R 
R 
R 
R 
R 
R 
R 
anthemum coronarium; 
Zinnia elegans 
F 
R 
R 
R 
R 
R 
R 
R 
Ze 
GH 
R 
R 
R 
R 
R 
R 
R 
R = Resistant; F = in thevField; GriJ=: Under Glasshouse 
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Table 39 
Inter family cross-infectivity of isolates of Erysiphe cichoracearum 
on some non-composites 
Hosts Inoculated 
F 
Cs 
GH 
Sources of isolates 
Cc Dv 
F GH F GH F 
Ze 
GH 
Abelmoschus esculentus 
Benincasa hispida 
Cassia occidentalis 
Capsicum annuum 
Chenopodium ambrosioides R 
Coriandrum sativum R 
Coccinia cordifolia R 
Cucurbita maxima R 
C. moschata R 
Cucumis melo R 
C^. sativus R 
Daucus carota R 
Euphorbia hirta R 
Foeniculum vulgare R 
Impatiens balsamina R 
Lagenaria leucantha R 
Lycopersicum esculentum R 
Nicotiana tabacum R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
Cs = Cosmos sulphureus; Cc = Chrysanthemum coronarium; 
Dv = Dahlia variabilis; Ze = Zinnia elegans 
R = Resistant; F = In the Field; GH = Under Glasshouse 
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Table 40 1 
Intra family cross-infectivity of isolates of Sphaerotheca 
on some cultivated composites 
Hosts Inoculated 
Acrodinium sp. 
Arctotis sp. 
Aster sp. 
Brachycome iberidifolia 
Calendula officinalis 
Carthamus tinctorius 
Centaurea moschata 
Cosmos sulphureus 
Chrysanthemum coronarium 
Cineraria sp. 
Coreopsis sp. 
Dahlia variabilis 
Dimorphotheca sinuata 
Gaillardia sp. 
Gazania splendens 
Helianthus annuus 
Helichrysum bracteatum 
Lactuca sativa 
Tagetes erecta 
Zinnia elegans 
F 
R 
R 
R 
R 
R 
R 
R 
R 
R 
S 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
Ci 
GH 
R 
R 
R 
R 
R 
R 
R 
R 
R 
S 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
Sources 
F 
R 
R 
R 
R 
S 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
Ci = Cineraria sp.; Co = Calendula offi 
Ds = Dimorphotheca sinuata; Ha = Heliar 
Co 
GH 
R 
R 
R 
R 
S 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
cinal 
ithus 
of isolates 
F 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
S 
R 
R 
R 
R 
R 
R 
R 
is; 
annuus 
Ds 
GH 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
S 
R 
R 
R 
R 
R 
R 
R 
1 
ful 
F 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
S 
R 
R 
R 
R 
iginea 
Ha 
GH 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
S 
R 
R 
R 
R 
R = Resistant; S = Susceptible; F = In the Field; GH = Under Glasshouse 
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Table 41 
Intra family cross-infectivity of isolates of Sphaerotheca fuliginea 
on some wild composites 
Sources of isolates 
Hosts Inoculated 
Ageratum conyzoides 
Conyza japonica 
Eclipta alba 
Sonchus oleraceous 
Tridax procumbens 
Vernonia cinerea 
Xanthium strumarium 
Ci = Cineraria sp.; 
Ds = Dimorphotheca 
F 
R 
R 
R 
R 
R 
R 
R 
Co = C 
sinuata; 
Ci 
GH 
R 
R 
R 
R 
R 
R 
R 
:alendu] 
Ha = 
F 
R 
R 
R 
R 
R 
R 
R 
Co 
GH 
R 
R 
R 
R 
R 
R 
R 
.a officinal 
Helianthus 
Ds 
F 
R 
R 
R 
R 
R 
R 
R 
is; 
annuus; 
GH 
R 
R 
R 
R 
R 
R 
R 
F 
R 
R 
R 
R 
R 
R 
R 
Ha 
GH 
R 
R 
R 
R 
R 
R 
R 
R = Resistant; F = In the Field; GH = Under Glasshouse 
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Inter family cross-
Hosts Inoculated 
Abelmoschus esculentt 
Benincasa hispida 
Cassia occidentalis 
Capsicum annuum 
ChenoDodium ambrosioi 
Coriandrum sativum 
Coccinia cordifolia 
Cucurbita maxima 
C. moschata 
Cucumis melo 
C. sativus 
Caucus carota 
Euphorbia hirta 
Foeniculum vulgare 
Impatiens balsamina 
Lagenaria leucantha 
-infect 
on 
IS 
des 
Lycopersicum esculentum 
Nicotiana tabacum 
Ci = Cineraria sp.; 
Ds = Dimorphotheca s 
F 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
Table 42 
ivity of 
some non-
Ci 
GH 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
isolates of 
-composites 
Sources 
Co 
F 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
GH 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
Co = Calendula officinal 
inuata; Ha = Helianthus 
Sphaerotheca 
of isolates 
F 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
is; 
annuus 
Ds 
GH 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
t 
ful 
F 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
iginea 
Ha 
GH 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R = Resistant; F = In the Field; GK.= Under: Glasshouse 
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Table 43 
Results of cross-inoculation tests with Erysiphe cichoracearum inoculum 
from species of Abelmoschus, Benincasa and Coccinia 
on some cultivated composites 
Hosts Inoculated A. esculentus 
F GH 
B. hispida C. cordifolia 
F 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
GH 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
F 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
GH 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
Acroclinium sp. 
Arctotis sp. 
Aster sp. 
Brachycome iberidifolia 
Calendula officinalis 
Carthamus tinctorius 
Centaurea moschata 
Cosmos sulphureus 
Chrysanthemum coronarium 
Cineraria sp. 
Coreopsis sp. 
Dahlia variabilis 
Dimorphotheca sinuata 
Gaillardia sp. 
Gazania splendens 
Helianthus annuus 
Helichrysum bracteatum 
Lactuca sativa 
Tagetes erecta 
Zinnia elegans 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R Resistant; F = In the Field; GH = Under Glasshouse 
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Table 44 
Results of cross-inoculation tests with Erysiphe cichoracearum inoculum 
from species of Abelmoschus, Benincasa and Coccinia 
on some wild composites 
Hosts Inoculated A. esculentus 
F GH 
B. hispida 
F GH 
C. cordifolia 
F 
R 
R 
c 
R 
R 
R 
R 
GH 
R 
R 
R 
R 
R 
R 
R 
Ageratum conyzoides 
Conyza japonica 
Eclipta alba 
Sonchus oleraceous 
Tridax procumbens 
Vernonia cinerea 
Xanthium strumarium 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
Resistant; F = In the Field; GH = Under Glasshouse 
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Table 45 
Results of cross-inoculation tests with Erysiphe cichoracearum inoculum 
from species of Abelmoschus, Benincasa and Coccinia 
on some non-composites 
Hosts Inoculated A. esculentus 
F GH 
B. hispida 
F GH 
C. cordifolia 
F 
R 
R 
R 
R 
R 
R 
S 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
GH 
R 
R 
R 
R 
R 
R 
S 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
Abelmoschus esculentus 
Benincasa hispida 
Cassia occidentalis 
Capsicum annuum 
Chenopodium ambrosioides 
Coriandrum sativum 
Coccinia cordifolia 
Cucurbita maxima 
C.moschata 
Cucumis melo 
C.sativus 
Daucus carota 
Euphorbia hirta 
Foeniculum vulga re 
Impatiens balsamina 
Lagenaria leucantha 
Lycopersicum esculentum 
Nicotiana tabacum 
s 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
S 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
S 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
S 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R = Resistant; S = Susceptible; 
F = In the Field; GH = Under Glasshouse 
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Table 46 
Response of different cultivars of Acroclinium spp. , Arctotis spp. 
and Aster spp. against Erysiphe cichoracearum 
Cultivars 
F 
Cs 
GH 
Response against isolates 
Cc Dv 
F GH F GH F 
Ze 
GH 
Acroclinium spp. 
Semi double white pink 
Splendens mixed 
Special mixture 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 C 
0 0 0 C 
0 0 0 C 
Arctotis spp. 
Hybrid mixed 
Special hybrid 
Grandis hybrid 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
r 
c 
c 
Aster spp. 
Giant mixed 
Double mixed 
Ostrich plume white 
Crego giant mixed 
Teisa stars mixed 
Powder puff mixed 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
c 
0 
0 
c 
0 
c 
Cs = Cosmos sulphureus; Cc = Chrysanthemum coronariun; 
Dv = Dahlia variabilis; Ze = Zinnia elegans; 
F = In the Field; GH = Under Glasshouse; 0 = Highly Resistant 
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Table 47 
Response of different cultivars of C. officinalis; C. tinctorius; 
and C. coronarium against Erysiphe cichoracearum 
Cultivars 
F 
Cs 
GH 
Response against isolates 
Cc Dv 
F GH F GH F 
Ze 
GH 
Calendula officinalis 
Double golden emperor 
Double geisha girl 
Kelmscott giant orange 
Double mixed 
Orange king 
Pacific beauty mixed 
Fiestive gaurd 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
2 
0 
0 
0 
Carthamus tinctorius 
Kusumika 
Chrysanthemum coronsurium 
Maxima may queen 0 
Annual mixed 0 
Selection mixed 0 
Coronarium mixed 0 
0 
0 
0 
0 
3 
3 
3 
3 
3 
3 
3 
3 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
1 
c 
2 
Cs = Cosmos sulphureus; Cc = Chrysanthemum coronarium; 
Dv = Dahlia variabilis; Ze = Zinnia elegans; 
F = In the Field; GH = Under Glasshouse; 0 = Highly Resistant 
1 = Resistant; 2 = Susceptible; 3 = Highly susceptible. 
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Table 48 
Response of different cultivars of Cineraria spp.; C. sulphureus 
and Coreopsis 
Cultivars 
Cineraria spp. 
Maxima mixed colours 
Duplex double flowers 
Early spring glory 
Cosmos sulphureus 
Sensation mixed 
Choice mixed 
Goldcrest 
Sunset 
Bright lights 
Candy stripe 
Early flowering mixed 
Double crested mixed 
spp 
F 
0 
0 
0 
2 
2 
2 
2 
2 
2 
2 
2 
.against 
Cs 
GH 
0 
0 
0 
3 
3 
3 
3 
3 
3 
2 
2 
Erysi 
Resp 
phe 
onse 
Co 
F 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
GH 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
cichoracearum 
against 
F 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
isolates 
Dv 
GH 
2 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
F 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
Ze 
GH 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
Coreopsis spp. 
Flowers all the year round 0 
Dwarf double sunburst 0 
Early sunrise 0 
Sunbeam 0 
Tall mixed 0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
Cc = Chrysanthemum coronariur\; 
Ze = Zinnia ele^ans; 
Cs = Cosmos sulphureus; 
Dv - Dahlia variabilis; 
F = In the Field; GH = Under Glasshouse; 0 = Highly Resista:-.t 
1 = Resistant; 2 = Susceptible; 3 = Highly susceptible. 
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Table 49 
Response of different cultivars of D. variabilis; and D. sinuata 
against Erysiphe cichoracearum 
Cultivars 
F 
Cs 
GH 
Response against isolates 
Co Dv 
F GH F GH F 
Ze 
GH 
Dahlia variabilis 
Collasal single mixed 
Dwarf double redskin 
Coltless hybrid mixed 
Dwarf border mixed 
Unwins bedding 
Decorative mixed 
Exhibition mixed 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
2 
2 
0 
0 
0 
0 
3 
3 
3 
0 
1 
0 
0 
0 
0 
0 
0 
2 
1 
1 
0 
0 
0 
Dimorphotheca sinuata 
Orange 0 
Special mixture 0 
Giant orange 0 
Glistening white 0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
Cs = Cosmos sulphureus; Cc = Chrysanthemum coronarium; 
Dv = Dahlia variabilis; Ze = Zinnia elegans; 
F = In the Field; GH = Under Glasshouse; 0 = Highly Resistant 
1 = Resistant; 2 = Susceptible; 3 = Highly susceptible. 
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Table 50 
Response of different cultivars of Gaillardia spp. and G. splendens 
against Erysiphe cichoracearum 
Gaillardia spp. 
Mixed 
Grandiflora mixed 
Picta lollypop orange 
Picta lollypop yellow 
Picta lollypop mixed 
Cultivars 
F 
Cs 
GH 
Response against isolates 
Cc Dv 
F GH F GH F 
Ze 
GH 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
Gazania splendens 
Sunshine hybrid mixed 
Hybrid mixed 
Local 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
Cs = Cosmos sulphureus; 
Dv = Dahlia variabilis; 
Cc - Chrysanthemum coronarium; 
Ze = Zinnia elegans; 
F = In the Field; GH = Under Glasshouse; 0 = Highly Resistant 
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Table 51 
Response of different cultivars of Helianthus annuus 
against Erysiphe cichoracearum 
Cultivars 
F 
Cs 
GH 
Response against isolates 
Cc Dv 
F GH F GH F 
Ze 
GH 
Helianthus annuus 
Double sungoLd tall 
Miniature mixed 
Japanese miniature mixed 
Brown fancy mixed 
Giant russian 
Local (a) 
Local (b) 
Single tall yellow 
Mammoth russian 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
2 
2 
1 
0 
0 
0 
0 
0 
Cs = Cosmos sulphureus; Cc = Chrysanthemum coronarium; 
Dv = Dahlia variabilis; Ze = Zinnia elegans; 
F = In the Field; GH = Under Glasshouse; 0 = Highly Resistant 
1 = Resistant; 2 = Susceptible 
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Table 52 
Response of different cultivars of Lactuca sativa 
against Erysiphe cichoracearum 
Cultivars 
F 
Cs 
GH 
Response against isolates 
Co Dv 
F GH F GH F 
Ze 
GH 
Lactuca sativa 
Green and paris white 
Wayahead 
Avoidefiance 
Black seeded simpson 
Local 
Cs = Cosmos sulphureus; 
Dv = Dahlia variabi 
F = In the Field; 
1 = Resistant: 
lis; 
GH 
0 
0 
0 
0 
0 
Cc 
Ze 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
= Chrvsanthe: 
= Z innia ele, 
= Under Glasshouse 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
1 
mum coronarium; 
gans 
; 0 
t 
= Hi ghly Res: 
0 
0 
0 
0 
0 
Lstar.t 
0 
0 
0 
0 
0 
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Table 53 
Response of different cultivars of Tagetes erecta 
against Erysiphe cichoracearum 
Cultivars 
F 
Cs 
GH 
Response against isolates 
Cc Dv 
F GH F GH F 
Ze 
GH 
Tagetes erecta 
Dwarf double rusty red 
Dwarf double harmony 
Dwarf double mixed 
Spanish brocade 
Lemon King 
Naughty marietta 
Susanna 
Trinity inca orange 
Trinity inca gold 
Tall african mixed 
French dwarf mixed 
Local (a) 
Local (b) 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
Cs = Cosmos sulphureus; Cc = Chrysanthemum coronariun; 
Dv = Dahlia variabilis; Ze = Zinnia elegans; 
F = In the Field; GH = Under Glasshouse; 0 = Highly Resistant 
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Table 54 
Response of different cultivars of Zinnia elegans 
against Erysiphe cichoracearum 
Cultivars 
F 
Cs 
GH 
Response against isolates 
Cc Dv 
F GH F GH F 
Ze 
GH 
Zinnia elegans 
Cerise queen 
Purity 
Violet queen 
Giants of California mixed 0 
Canary bird 
Crimson monarch 
Rich Salman rose 
Ruffled jumbo mixed 
Linearis white 
Golden dawn 
Purple prince 
Dahlia flowered mixed 
California giant mixed 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
• 0 
0 
0 
0 
0 
1 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
2 
3 
3 
2 
0 
0 
0 
0 
0 
0 
0 
0 
1 
2 
3 
3 
2 
Cs = Cosmos sulphureus; Cc = Chrysanthemum coronarium; 
Dv = Dahlia variabilis; Ze = Zinnia elegans; 
F = In the Field; GH = Under Glasshouse; 0 - Highly Resistant 
1 = Resistant; 2 = Susceptible; 3 = Highly susceptible 
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Three cu l t iva rs of H_. annuus viz. Miniature mixed, Japanese 
miniature mixed and Brown fancy mixed were found to be resistan: 
and susceptible agains t Ze isolate under both the conditions 
(Table-51). Whereas, rest of the cul t ivars were found to be highly 
res is tant under both the condit ions. 
It is c lear from Table-52 that out of the five cul t ivars of L_. 
sat iva tested, only Local was found to be res is tant against D\-
isolate in both the condit ions. The remaining cul t ivars showed 
high res is tance to a l l the isolates tested under glasshouse and in 
the field condit ions. Among thir teen cul t ivars of Z_, elegans tested. 
Violet queen, Giants of California mixed, Golden dawn, Purple 
prince and Dahlia flowered mixed showed resis tance to Dv isolate 
under glasshouse but remain highly res is tant under field conditions. 
Cultivar Linearis white shows resistance against Ze isolate under 
both the condit ions, whereas, Golden dawn and California gian: 
mixed were found to be susceptible and Purple prince and Dahlia 
flowered mixed highly susceptible against Ze isolate under both the 
conditions. However, a l l the remaining cu l t ivars failed in the 
pathogenecity test aga ins t isolates of _E. cichoracearum (Table-5-) . 
Chemical control 
Three commerical fungicides viz. Karathane EC, Bavistin and 
Morestan was evaluated for their efficacy agains t powdery mildew 
(E. cichoracearum) on D. va r i ab i l i s cv.Decorative mixed. It 15 
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Table 55 
Efficacy of fungicides on disease intensity of powdery mildev/ 
(E. cichoracearum) on Dahlia variabilis cv.Decorative mixed 
j_ _^. Percentage disease index 
T +_ 4- Concentration -r—r ^ — 
Treatment Before spray After spray 
{%) Mean SD Mean SD 
Percentage 
Disease 
Control 
Karathane EC 0.001 
0 .01 
0 . 1 
0 . 2 
46.21 + 0.66 
47.36 + 0.34 
45.18 + 1.10 
46.52 + 1.28 
8 .91 + 0.56 
6.10 + 0.52 
4 .61 + 0 .31 
2 .37 + 0.24 
78.00 
84.31 
86.85 
91.90 
CD{P<G.05)1.53 6.42 
Bavistin 0.001 
0.01 
0.1 
0.2 
50.03 + 1.47 
47.60 + 2.24 
46.98 + 1.00 
48.35 + 0.99 
10.21 
6.78 
5.51 
4 .82 
+ 0.47 
+ 0.67 
+ 0.36 
+ 0.10 
77.03 
82.99 
85.43 
87.20 
CD(P<0.05)4.36 2.31 
Morestan 0.001 
0.01 
0.1 
0.2 
47.18 + 1.81 
48.09 + 0.60 
47.98 + 1.57 
48.92 + 1.28 
13.35 
11.59 
10.21 
5.21 
+ 0.36 
+ 0.39 
+ 0.45 
+ 0 .43 
67.21 
73.35 
76.11 
86.56 
CD(P<0.05)4.22 2.08 
Control 46.00 + 1.11 46.00 + 1.11 
SD = Standard Deviation of Mean. 
Mean of three replicates. 
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clear from Table-55 that higher concentration (0.02 per cent) of 
these fungicides was most effective in controlling the disease, in 
comparision to the lower concentrat ions. Higher concentration of 
these fungicides were found signif icantly superior than others . 
Karathane EC, Bavistin and Morestan have been found to control 
powdery mildew of D. va r i ab i l i s cv.Decorative mixed caused by ^ . 
cichoracearum. The best performance was observed with Karathane 
EC (91.90 percentage disease control) followed by Bavistin (87.2C 
percentage disease control) and Morestan (86.56 percentage disease 
control) . During these studies the phytotoxic symptoms were not 
observed on the host plants sprayed with these fungicides. 
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PHOTOGRAPHIC PLATES 
(I - X) 
Remarks 
The figures given in the plates are common to the 
dis t r ic ts of the study a rea . They present a general 
view of symptoms, detai ls of anamorph characters 
util ized in the study to es tabl ish the identi ty of the 
species. For this reason the figures are concentrated at 
one place at the end of the resul ts and are not cited in 
the tex t . 
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PLATE - I 
Fig.A: Elongate patches of powdery mildew on the stem 
of Cosmos sulphureus infected with Erysiphe 
cichoracearum and severely infected flower. 
Fig.B: Flower bud of Dahlia va r i ab i l i s infected with 
powdery mildew Erysiphe cichoracearum, showing 
mild disease in tens i ty . 
PLATE I 
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PLATE - II 
Fig.A: Stem of Cosmos sulphureus with powdery mildew 
infection, showing yellowing and drying of leaves 
on the lower portion of the stem. 
Fig.B: A close-up of stem portion of Dahlia va r i ab i l i s 
infected with powdery mildew and showing 
patches of mildew with moderate disease 
in tensi ty . 
r —ri i i_ i. 
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PLATE - iV 
i'ig.A; Mild infec'iiDn of powdery mildew Ery^iphe 
cichoracefcrmn on Acroclinlum sp . 
FigrB; Leaf of Helianthur- arnwus infected with po^vdery 
mildew Sphaerothecc fuliginea. 
PLATE iV 
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PLATE - V 
^ig./v: Conidial mycelia on the leaves of Coreopsis ,3p. 
infected with powdery mildew Ery iiphe 
c ichor ace a rum. 
Fiv-.B: Plant of Eclipta alba infected with powdery 
mildew Erysiphe cichorace-'.rum, with rt'cderate 
disease in tens i ty . 
PLATE V 
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PLATE - VI 
Fig.A: Uninfected and infected leaf of Cosmos sulphureus 
cv. Early flowering mixed with pov/dery mildew 
Erysiphe cichoracearum. 
Fig.B: Uninfected and infected leaf of Cosmos sulphureus 
cv.Double crested mixed with powdery mildew 
Erysiphe cichoracearum. 
PLATE vi 
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PLi^TF - 7U 
Anamorph charac te rs of J p b r : o^^^-.a fvliginpc 
Fig- /&3: Ellipsoidal c.aape conidia of _S. fHlifilP-S-^ 
Fig-B • Gerr in'itin'j conidia vf _3. _fulig2nea. 
Bifurc3.ted jerrr. tube of S. fullginea emer.qing 
from side walls uf the co-,.'iiurn. 
f 
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PLATE - VIII 
Anamorph characters of Spherotheca fuliginea 
Fig.A: Conidia with fibrosin bodies seen under low 
power of the microscope xlOO. 
Fig.B: Well developed, discrete and various shapes of 
fibrosin bodies seen under high power of the 
microscope xziOO. 
F.m VIII 
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PLATE - IX 
Aa,i-wiJi";jln char i ic tars of Er^-'psiphe .clchoracearum. 
Fig.A^tB: Barrel and tending towards cyl indr ica l shape 
' conidia of E. cichcracearum. 
Fig.B : Germinating conidia of £. dehoracearum. 
Simple and s t ra ight germ tube of £. 
cichoraceaium emerging froin the apical portion 
of the conidium. 
^ 0 ' • - * " * > . 
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PLATL - X 
Auarnorph cha rac t e r s of Er^jjsiphe cichore.cearam. 
Well developed, c lub-shaped appressor la at the t ip of 
the germ tube, characteriGtic of E. dehorc.cec:.ruin. 
PLATE X 
DISCUSSION 
Identity of the causal organism 
The major objective of the study was to es tabl ish the identity 
of the causa l organisms responsible for the powdery mildew disease 
on composites in some dis t r ic t s of Uttar Pradesh. The study area 
included a number of localit ies in the d is t r ic ts of Agra, Aligarh, 
Allahabad, Bareil ly, Budaun, Bulandshahr, Etah, Etawah, Kanpur 
and Mathura. Pract ical ly it could not be possible to encompass al l 
the d is t r ic t s in the state and at the same time a l l the a reas in the 
included d i s t r i c t s . Stil l , th is s tudy, for the first time in India 
has given consideration to a large area in order to es tabl ish the 
identi ty of the causa l organisms of the disease on composites. Most 
of the past studies lacked this objectivity and the avai lable 
informations on the identi ty of the species are mostly based on 
either new host records or reports of occurrence of powdery mildew 
species. The study has shown that in a l l the ten d is t r ic t s , 
Erysiphe cichoracearum and Sphaerotheca fuliginea are 
predominantly responsible for the disease on composites. Though 
both the species were found in most of the d is t r ic t s causing the 
disease on composites, their distr ibution pat tern and host spectrum 
were quite different. 
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Various composites like Acroclinium s p p . , Cineraria s p p . , 
C. officinalis , Coreopsis s p p . , C. su lphureus , £• v a r i a b i l i s , 
E^ . a l ba , H. annuus , X. strumarium and Z_. elegans were found 
infected with powdery mildew from al l the surveyed dis t r ic ts (Tables 
23-32). Acroclinium s p p . , Coreopsis s p p . , C. sulphureus , 
D. v a r i a b i l i s , E. a lba , X. strumarium and Z^ . elegans were found 
infected with E. cichoracearum, while Cinerar ia s p p . , £ . 
officinalis and 11. annuus were found with _S. fuliginea from al l the 
surveyed d i s t r i c t s . Beside the above mentioned p lan ts , C. 
coronarium and D^ . s inuata were also found infected with powdery 
mildew in few d i s t r i c t s . C. coronarium was found infected with E^ . 
cichoracearum from the d is t r ic ts of Agra, Aligarh, Etawah, Kanpur 
and Mathura. Whereas, D. s inuata was found with _S. fuliginea 
from the d is t r ic t s of Aligarh and Budaun. The anamorph state of 
the fungus was commonly found on these composites. A good amount 
of repea tab i l i ty of this pat tern of occurrence of the two species of 
powdery mildews in various dis t r ic ts of this state provide a 
dependable evidence to recognize them as the causa l species of the 
disease on composites in Uttar Pradesh in genera l . Though both 
the species have been recorded as the causa l organisms, there are 
several reports which show thei r occurrence on the composites, even 
with i ts anamorph in various par t s oi the world including Ind ia . 
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E. cichoracearum and _S. fuliglnea have been t radi t ional ly 
recorded as the causa l organisms with proper verification in many 
par t s of the world, there are several reports which show their 
occurrence on the composites with only anamorph stage in various 
par ts of the world including India . E^ . cichoracearum was reported 
by Milovtzova (1937) on C. t inctorius from U.S.S.R.; McDonald 
(1939) on Cinerar ia sp . from Scotland; Backer and Locke (196<i) on 
Zinnia sp . from U.S.A.; Eliade (1975) on Z^ . elegans from Romania; 
Mitov and Popov (1980) on 11. annuus from Bulgar ia ; Drozdovskaya 
(1980) on C. officinalis from U.S.S.R.; lalongo (1980, 1981) on 
Sonchus oleraceous and 11. tuberosus, Lorenzini and Triolo (1981) on 
H. annuus from I taly and Diaz Franco (1985) from Mexico; 
Dhanvantari and Jarwis (1985) and Klemm (1980) on L^ . sat iva from 
Canada and Germany and Yang (1988) on 11. annuus from China, 
while _S. fuliginea by Rud (1939) on C. officinalis from U.S.S.R; 
Capetti and Gabriela (1976) on Calendula sp . from Romania; Hou 
and Lee (1981) on Dahlia sp. from Taiwan and Cabrera and 
Mazzanti (1992) on C. officinalis from Argentina are sufficient to 
recognize them as causa l species of the d isease . 
In Ind ia , on the bas is of anamorph charac te r s L^. taur ica was 
reported to infect composites in various s t a t e s . The follow up 
studies in these d is t r ic ts and reports from other par ts of the 
country do not subs tant ia te its occurrence or significance in the 
country. In the present s tudies , the species was not found on any 
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composite in the studied a r e a . It may be assumed that the species 
may be appear ing occassionally on some composites in localized 
manner and the significance of the species on composites in Indian 
context is s t i l l obscure. The species though infects some plants in 
India especial ly chi l l i and pepper , but possibi l i ty of cross-infection 
to composites is not g rea t , since a degree of host specialization is 
reported for the species (Pal t i , 1988). 
A great degree of s imilar i t ies between the anamorph characters 
of the two species and usual absence of teleomorphs are addit ional 
and important reasons to their mistaken ident i ty . In recent times, 
Jhooty (1965); Narain and Saksena (197^) in Ind ia , uti l izing the 
anamorph charac te r s claimed £. fuliginea and E^ . cichoracearum as 
the causa l organisms of the disease on composites in Punjab and 
Kashmir s t a te . Since than a number of reports show that both the 
species infect composites in various states i . e . in Himachal Pradesh 
(Paul and Munjal, 1982; Sr ivas tava and Rawat, 1982); Kashmir 
(Narain and Saksena, 1974); Maharashtra (Saluja and Bhide. 1962; 
Patwardhan, 1964; Raut and Kale, 197S); Rajasthan (Prasada _ej^  
a l . , 1968; Mathur _el a l• 1971) and in Uttar Pradesh (Akram £t_ a l . , 
1975: Khan _et_ a_l_., 1977; Kanaujia and Singh, 1977; Akram and 
Khan, 1977; Singh and Singh, 1977; Sr ivas tava and Rawat, 1982; 
Ja in . 19S4; Perwez and Akram 1987 and Husain et a l . , 1992). 
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The present study has demonstrated convincingly that both E^ . 
cichoracearum and _S. fuliginea infect composites in the s ta te , 
though E. cichoracearum is predominant and mainly responsible for 
the disease on the members of this family and at the same time it 
confirms the ear l ie r observations made in the country about the 
identi ty of the species. Both the species are reported to exist or, 
composites in many countries of the world (Table 5 ) . Some of these 
are I s rae l (Eshed, 1975; Kenneth and Pa l t i , 198Zt); China (Yang. 
1988); U.S.S.R, (Drozdovskaya, 1980; Puzanova, 1992); Egyp: 
(El-Kazzaz _e^ aT., 1992); Libya (Khan, 1980, 1982; Khan and F a r a j . 
1982); S. Africa (Gorter and Eicker, 1983); Britain (Crute anc 
Burns, 1983; Bevan, 1985; Clay et_ al_. 1992); Bulgaria (Shcpov. 
1976; Mitov and Popov, 1980); Czechoslovakia (Lebeda, 1986): 
France (Hasan, 197^); Germany (Braun, 1980; Klemm, 1986); I taly 
(Lorenzini and Triolo, 1981; lalongo, 1981, 1987); Portugal (De' 
Verennes and De'Sequeira, 1964); Romania .(Eliade, 1975; Capetti 
and Gabrie la , 1976); Scotland (McDonald, 1939); Switzerlanc 
(Blumer, 1974); Canada (Dhanvantari and Jarwis , 1985); Mexico 
(Diaz Franco, 1985); U.S.A. (Yarwood, 1936; Pady £t_ a l . . 1969): 
Brazil (Deslandes, 1954): j apan (Yukihiko, 1975, 1980); New Zealand 
(Boesewinkel, 1979a, 1979) and Taiwan (Hou and Lee, 19S1). 
In the present study the pathogens causing powdery mildew 
disease in most of the samples were identified only on the basis of 
anamorph c h a r a c t e r s . The teleomorph s tage of powdery mildew? 
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occurs much less frequently in t ropical countries as compared with 
temperate ones. Owing to the absence of the teleomorph stage in 
certain powdery mildews, the correct identification becomes difficult. 
Kable and Ballantyne in 1963, reported that powdery mildew of 
cucurbi ts in I thaca dis t r ic ts was actual ly _S. fuliginea ra ther than 
E. cichoracearum as reported ea r l i e r . On Z^ . elegans only E^ . 
cichoracearum was reported from India (Butler and Bisby, I960) and 
the U.S.A. (U.S.D.A. Index of Plant Diseases, Handbook No. 165, 
I960), unt i l Jhooty in 1965 reported S. fuliginea on Z^ . elegans in 
India . Up to this time, in India , there is no rel iable record of 
powdery mildews of composites, because of the lack of their 
teleomorph s tages , some powdery mildews on composites were 
reported to be Oidium species. Zaracovit is (1965), Nagy (1970) and 
Crute and Burns (1983) attempted to identify different powdery 
mildews on the basis of the charac te rs of their conidia, the shape 
of germ tubes , presence or absence of fibrosin bodies and 
development of appressor ia . From personal experience 1 have found 
these c r i t e r ia to be rel iable methods for indentification of powdery 
mildews, in the absence of teleomorph s tage . 
During the surveys, it was noticed tha t , the powdery mildew 
on composites appears in two flushes, one from January to March 
and other from October to December. It is unders tandable that 
during these periods both temperature and re la t ive humidity remains 
moderate and highly favourable for the development of the disease 
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as it was also ear l ie r reported by Levykh {19A0), Minev (1957), 
Rossouw (1959), Schnathorst (I960), Morrison (1961, 1964), Malik e2_ 
a l . (1973) and Khan e^ ad. (1975). However, no infection or. 
composites has been observed from April to September, probably, 
because the temperature remains very high and re la t ive humidity 
very low in hot season and after that due the ra iny season. Similar 
seasonal fluctuations in disease development had been found by 
Levykh (19^0), Deslandes (1954), Minev (1957), Rossouw (1959) anc 
Schnathorst (I960). 
Earlier it was studied by Van Hook (1906), Blumer (1922) and 
Cook (1931) that increasing age of the host and various 
environmental factors influence the incidence of powdery mildews. 
During the course of survey it was observed that different 
composites showed a var ia t ion in the incidence of disease in various 
localit ies of the d i s t r i c t s . 
Schnathorst (1965) has described that dis t r ibut ion and severity 
of powdery mildews are very much related to var ious environmental 
factors and these factors direct ly affect the pathogen in infection. 
growth, sporulation and even dissemination. He also pointed out 
that these factors effect the development of pathogen through their 
influence on host physiology. 
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The present study include a number of d is t r ic t s in the state 
of Uttar Pradesh, where from there was no information about the 
causal organism of the disease recorded ear l ie r so extensively. 
Since the study could not include al l the d is t r ic ts and states of 
such a vast country, it is desirable to ca r ry out such studies in 
the remaining pa r t s of the country, so that emerging information 
may help the management pathologists to tackle the problem of 
powdery mildew effectively and efficiently. A distr ibution map of 
the species occurrence in various par ts of the country showing their 
re la t ive dominance or host spectrum, therefore, can be prepared 
which would be conceivably of immense importance for management 
pathologis ts , Compositae breeders and growers. 
Reliability of anamorph characters 
The main reason for the confusion that surrounded the identity 
of the causa l species of the disease on composites was the 
s imilar i t ies between the anamorph of E^ . c ichoracearun and S. 
fuliginea and ra re occurrence of teleomorphs. A number of 
anamorph charac te r s pa r t i cu la r ly presence or absence of well 
developed discrete fibrosin bodies, conidial dimensions and L/B 
ra t io , forking of the g.erm tubes, appressor ia l development and 
point of emergence of germ tube from the conidium were considered 
valuable for differentiating the species. The present study 
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considered this aspect while examining the large number of samples 
of cul t ivated and wild composites. The re l i ab i l i ty of anamorph 
characters were examined in some de t a i l s . The considered 
characters such as the conidial dimensions, L/B ra t io , presence or 
absence of fibrosin bodies, forking of germ tubes , appressorial 
development and point of origin of germ tubes showed a great 
degree of consistency and are suggested to be reliable to 
differentiate E_. cichoracearum from _S. ful iginea. 
The use of anamorph charac ters for es tab l i sh ing the identity 
of the species was advocated in a number of reviews (Yarwood, 
1937; Zaracovi t is ; 1965; Hammett, 1977; Braun, 1977, 1980; 
Boesewinkel, 1977, 1979; Nagy, 1970; Crute and Burns, 1983; Khan, 
1980, 1982; Khan and Fa ra j , 1982). In several countries of the 
world, powdery mildew species involved in the disease on composites 
were identified on the basis of anamorph charac te r s even though the 
teleomorphs was not observed. Some of these countries are Britain 
(Crute and Burns, 1983; Clay e^ al_., 1992), Bulgaria (Shopov, 1976; 
Mitov and Popov, 1980), Czechoslovakia (Lebeda, 1986), France 
(Hasan, 1974), Germany (Braun, 1980; Klemm, 1986), Italy 
(Lorenzini and Triolo, 1981; la lcngo, 1981), Portugal (De'Verennes 
and De'Sequeira, 1964), Romania (Eliade, 1975) in Europe; Canada 
(Mckeen _e;^  al_., 1966), Mexico (Diaz Franco, 1985), U.S.A. (Pady e_^  
aL, 1969) in North America; Egypt (El-Kazzaz et_ al_., 1992), Libya 
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(Khan, 1982; Khan and F a r a j , 1982) in Africa; Japan (Yukihiko, 
1975), New Zealand (Boesewinkel, 1979a, 1979), Taiwan (Hou and 
Lee, 1981) in Pacific and China (Yang, 1988), Is rael (Eshed. 1975) 
in Asia cont inenta l . 
Hirata (19^2, 1955), Hammett (1977), Eshed (1975), Ballantyne 
(1963), Braun (1980) and Boesewinkel (1977, 1979) suggested certain 
anamorph cha rac te r s , specially presence of fibrosin bodies and 
morphology of germ tubes of great taxonomic value for 
differentiating the powdery mildews. A grea t degree of consistency 
observed in the present studies in which a la rge number of samples 
were examined, further add to the taxonomic value and importance 
of these charac te rs specially presence or absence of fibrosin bodies, 
formation of forked germ tubes , appressor ia l development and point 
of germ tube or ig in . The conidia of powdery mildews identified as 
_S. fuliginea possessed well develop, discrete fibrosin bodies. 
Though some samples did not show fibrosin bodies in a l l conidia, a 
high percentage contained them. The mean number of fibrosin 
bodies per conidium ranged between 7.38 to 9.01. These were 
sufficient to give clue towards i ts ident i f icat ion. However, conidia 
of _S. fuliginea produced simple and forked germ tubes and did not 
develop appressor ia . This pat tern of germ tube formation without 
appressor ia l development was highly consis tent . The per cent 
forking of germ tubes was between 47.96 to 56.36 (Table 35). 
Ballantyne (1975) mentioned in her studies that 5 to 60 per cent 
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conidia of S. fuliginea produce forked germ tubes with more 
specimens between 3 to 50 per cent. In a l l the samples identified 
as S. fuliginea the range of forking was grea te r and quite common. 
The conidia of E. cichoracearum formed simple germ tubes with well 
developed, c lub-shaped appressor ia at the t ip of the germ tubes. 
The conidia of E. cichoracearum were ba r r e l and somewhat 
cyl indr ical in shape, whereas, of ^ . fuliginea were e l l ipsoidal . The 
L/B ra t io was more or less constant and was found to be an useful 
cr i ter ion. Length/breadth (L/B) ra t io of E_. cichoracearum was more 
than 2 (mostly 2.10), while those of _S. fuliginea was less than 2 
(mostly 1.80) (Tables 23-32) and thus was found to be an important 
charac ter for the differentiation of both the pathogens . 
Ballantyne (1975) in her studies reported that more than one 
species of powdery mildew may occur in the same locality and on 
the same p lan t . In the present studies it was observed that both 
the pathogens were found in one or the other local i ty , and different 
Compositae members were found to be infected with either E_. 
cichoracearum or S. ful iginea. In the majority of the hosts, E. 
cichoracearum was mainly responsible for the disease on composites. 
E^ . cichoracearum with i ts wide host range and distr ibution was 
dominant in the studied d i s t r i c t s . 
Boesewinkel (1980) in his studies described that the presence 
of a pa r t i cu l a r species of powdery mildew on any host is often 
190 
influenced by the time of the yea r . He reported that in 
New Zealand, ^ . cichoracearum occurred early in the growing 
season on H. annuus , but it was replaced by _S. fuliginea, several 
weeks l a te r , on the same p l a n t s . No such pathogenic change wa$ 
observed in the present s tudies . 
By and large measurements of conidia collected from different 
composites in the same locality or from the same host from different 
localit ies indicate that the range of conidial dimensions overlaps in 
genera l , however, the mean dimensions (length and breadth) differ 
significantly in many cases (Tables 23-32). Such differences in the 
measurements of conidia had also been reported by Neger (1902). 
Bouwens (1927), Yarwood (1957), Zaracovit is (1965), Nagy (1970). 
and Crute and Burns (1983). The differences may either be due tc 
the differences in host physiology (Yarwood, 1957) or due to the 
existance of more than one physiological races of the fungus 
(Blumer, 1922; Stalkman and Harrar , 1957). 
In powdery mildews the size and shape of conidia may differ 
on different host species (Stavely and Hanson, 1966), on upper and 
lower surfaces of leaves of the same species (Klika, 1922), or with 
differences in re la t ive humidity (Yarwood, 1936, 1957). Schmidt 
(1913) and Bouwens (1927) in their studies reported that the 
conidial length increases as the re la t ive humidity increases . 
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During the period of survey it was recorded that the relat ive 
humidity among various dis t r ic ts differed signif icantly throughout 
the months,when powdery mildew disease was observed (Table lla&b) 
and hence, the possibil i ty of var ia t ion in conidial size could not be 
ruled out. 
Boesewinkel (1980) advocated that the conidial size shows a 
more or less marked var ia t ion , depending on the species and the 
growing condit ions. Bouwens (1924, 1927) in her studies described 
tha t , when a sufficiently large number of conidia were measured, 
breadth of the conidia was less va r iab le than the length. For 
several species relat ively less var ia t ion in conidial length and 
breadth has been reported, but considerable var ia t ion occurs in E^ . 
cichoracearum and _S. fuliginea (Boesewinkel, 1979). 
Boesewinkel (1980) in his studies described that when the 
conidial charac ter i s t ics are used, several species which have often 
been confused can be identified eas i ly . According to Yarwood 
(1978), confusion in the genera Erysiphe and Sphaerotheca has been 
mainly confined to E_. cichoracearum and _S. fuliginea on cucurbits 
and has been removed by Nagy (1970). These species have 
apparent ly ident ical conidiophores, except for the presence of 
fibrosin bodies in Sphaerotheca. Until I960 (U.S.D.A., I960), 
powdery mildew on cucurbits was usual ly l isted as E.cichoracearum. 
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After the recognition of the diagnostic value of fibrosin bodies by 
Sawada (1927), cucurbit mildew is now usual ly assigned to ^ . 
fuliginea. Similarly, Boesewinkel (1980) suggested that ^ . 
cichoracearum and S. fuliginea can be identified by their fibrosin 
bodies, conidial size, shape and germ tubes . Blumer (1967) and 
Junnel (1967) also gave much s tress on the conidial state 
charac ter i s t ics of both the pathogens when the presence or absence 
of fibrosin bodies, the shape and size of conidia and shape of germ 
tubes can be s tudied. 
The occurrence of fibrosin bodies in the conidia of _S. 
fuliginea have been emphasized in recent years as a character 
which dis t inguishes _S. fuliginea (with fibrosin bodies) from £. 
cichoracearum (without fibrosin bodies) which otherwise have similar 
conidiophores (Ballantyne, 1963; Clare, 196/1; Nagy, 1970). Yarwood 
(1978) mentioned in his studies that fibrosin bodies-forming cultures 
do not a lways have them in every conidium. But his culture of 
cucumber powdery mildew showed 4 to 8 fibrosin bodies per 
conidium. 
The presence or absence and number of fibrosin bodies in the 
conidia of _S. fuliginea are very much influenced by environmental 
factors as well as the age of the host . During the present studies 
it was noted that the number of fibrosin bodies in conidia of 
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various p lants collected differed and the number of fibrosin bodies 
per conidium showed var ia t ion i r respect ive of the host or the 
locality and these observations are in accordance with those of 
Nagy (1970) and Yarwood (197S). 
Host range studies 
Results on host range studies indicate that the isolates of E_. 
cichoracearum from C. su lphureus , C^. coronarium, £ . va r i ab i l i s and 
Z^. elegans infects C. sulphureus , C. coronarium, Cineraria s p . , £ . 
va r i ab i l i s , H. annuus and Z^ . elegans amongst the cult ivated 
composites (Table 36), while these isolates failed to develop the 
disease on wild and non-composites (Table 37 and 38). Although 
this is the first occasion on which the host range of E. 
cichoracearum and S_. fuliginea has been demonstrated, many 
previous studies have shown that hos t - res t r ic ted forms do indeed 
occur in E^ . cichoracearum (Blumer, 1922, 1933; Bouwens 1927; 
Miller 1938). 
The isolates of _S. fuliginea from Cinerar ia s p . , £ . officinalis, 
D_. s inuata and H. annuus does not pa ras i t i ze the tested plants 
except their respective hosts (Tables 39-Al). These findings are in 
accordance with ear l ie r reports of Hirata (1986). Cineraria s p . , D. 
va r iab i l i s and U. annuus are some addi t ional hosts of E. 
cichoracearum under Indian condit ions. Similar is the case of 
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C. officinalis and £ . s inuata for S. ful iginea. The isolates of _E. 
cichoracearum from non-composites viz . A,, esculentus, B^ . hispida 
and C. cordifolia failed in the pathogenecity test against wild as 
well as cul t ivated composites tested and a l l the members of different 
families except their respective hosts . These resul ts on host range 
studies confirms the ear l ie r reports of Miller and Barrett (1931). 
Deslandes (1954), Schmitt (1955), Chandra _e^ al_. (1981), Tanaka ei 
aj_. (1986) and Perwez and Akram (19S9). 
The isolates of E. cichoracearum from composites appear to be 
different from those of non-composites. It was observed that 
isolates of E^ . cichoracearum from composites viz . C. sulphureus , C. 
coronarium, D^ . v a r i a b i l i s , and Z^ . elegans paras i t i ze C. sulphureus, 
C. coronarium, Cinerar ia s p . , £ . v a r i a b i l i s , H_. annuus and Z^ . 
elegans but not other composites. Hence, it can be concluded that 
there may exists different s t ra ins of E. cichoracearum showing 
specificity amongst different plants of Compositae. Similar results 
were obtained with the isolates of S. ful iginea. 
Varietal resistance 
Different commercial cu l t ivars of cul t iva ted composites were 
screened for the va r ie ta l res i s tance . It was observed that reaction 
against E. cichoracearum isolates obtained from C. sulphureus , C. 
coronarium, D. va r i ab i l i s and _Z. elegans shows resistance to few 
195 
cu l t i va r s . It was noticed that the cu l t iva r s of C. officinalis 
(Double mixed); C. coronarium (Maxima may queen, Annual mixed. 
Selection mixed and Coronarium mixed); Cinerar ia s p . , (Maxima 
mixed colours) , C. sulphureus (Sensation mixed, Choice mixed, 
Goldcrest, Sunset, Bright l i gh t s . Candy s t r ipe . Early flowering 
mixed. Double crested mixed); D. va r i ab i l i s (Dwarf double redskin, 
Coltless hydr id mixed. Dwarf border mixed, Unwins bedding, 
Decorative mixed. Exhibition mixed); H_. annuus (Miniature mixed, 
Japanese miniature mixed. Brown fancy mixed); I,, sa t iva (Local) 
and Z. elegans (Violet queen. Giants of California mixed, Linearis 
white. Golden dawn, Purple pr ince , Dahlia flowered mixed and 
California giant mixed) were highly susceptible to res is tant against 
these isolates (Tables 47-49, 51, 52 and 54) whereas, the rest of 
the cu l t ivars of a l l the composites tested were found to be highly 
res is tant agains t E. cichoracearum (Tables 46-54). 
Mains (1934), Stanford and Briggs (1940) and Yarwood (1957) 
in their reviews described that res is tance to powdery mildew, or to 
any other plant pathogen can be due to a specific toxic chemical in 
res is tant but not in susceptible hos ts . Most of the plants are 
res is tant to different mildews as well as to many other pathogens, 
but res is tance to one pathogen is not well correlated with resistance 
to another . It is more l ikely that resis tance is the expression of 
some chemical released by the host in response to the ear ly stages 
of penetration by the p a r a s i t e . Susceptibi l i ty is more unusual than 
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res i s tance , and if suscept ib i l i ty , was due to specific 
suscept ibi l i ty- inducing chemicals in the host, so these chemicals in 
each host would need to be invest igated, than if resis tance was due 
to specific chemicals (Yarwood, 1957). 
In the majority of the tes ts , the host response in the 
glasshouse and field was the same. However, in few cases it was 
observed that the same cul t ivar remains susceptible under 
glasshouse but showed resis tance in the field or vice versa . 
Therefore, it is unders tandable that the glasshouse conditions are a 
bit controlled and more conducive for the development of powdery 
mildew ra ther than the field conditions. It was also reported by 
various workers that the powdery mildew development in field 
conditions was influenced by a var ie ty of environmental factors 
directly or indirectly affecting the pathogen in growth, 
development, sporulation and dissemination (Delp, 195^; Mansson, 
1955; Yarwood, 1957; Cole 1964, 1966 and Schnathorst , 1965). 
Chemical control 
Diseases caused by powdery mildew pathogen are controlled by 
exclusion, eradicat ion, protection and therapy , of these, protection 
with chemicals are perhaps the most important . Because of their 
superficial position on p l an t s , powdery mildews can be more easily 
controlled than can most pa ras i t i c fungi. Heavy sprays of the host 
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plant with water (Yarwood, 1957) are moderately effective, but 
sulphur fungicides are most widely used. Recently, some commercial 
fungicides like Karathane EC [L,^ per cent 1-methyl-heptyl) 
phenylcrotonate, Bavistin (50 per cent 2-methoxy-carbamoyl) 
benzimidazole) and Morestan (25 per cent 6-methyl-quinoxaline-2,3. 
di thiocarbonate) and other chemicals (Johnston, 1970) have been 
shown promising resul ts to control powdery mildew on different 
p lan t s . 
The observed inhibit ion of powdery mildews by ra in na tura l ly 
suggests i ts control with water sp r ay . Yarwood (1939), Cherewick 
(19^4), McClellan (1947) and Delp (1954) suggested that spraying oi 
plants with water has been found to render fairly effective in 
controlling the powdery mildews. In addi t ion, the powdery mildew 
disease is being controlled by chemical fungicides in the absence of 
suitable res is tant cu l t i va r s . So, the comparative efficacy of three 
commercial fungicides viz . Karathane EC, Bavistin and Morestan was 
evaluated aga ins t the powdery mildew (^. cichoracearum) on Dahlia 
va r i ab i l i s cV. Decorative mixed. Though, the percentage disease 
index was observed to be 47.36, 50.03 and 48.92 per cent before the 
spray of these fungicides, but , after the spraying of different 
concentrations of chemical fungicides, s ignificant percentage disease 
control was recorded. Of the various concentrations of the 
fungicides applied (0.001, 0 .01, 0.1 and 0 .2) , higher concentration 
(0.2) of fungicidal spray was found to be most effective in 
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controlling the disease . It was observed that these fungicides does 
not allow the subsequent disease development on the host p l an t s . 
Karathane EC (91.90 percentage disease control) was found to be 
significantly superior than those of Bavistin (87.20 percentage 
disease control) and Morestan (86.56 percentage disease control) . 
The present studies are in accordance with those of Pathak and 
Joshi (1972), Gupta ^ a l . (1975), Sr ivas tava £t_ al^ (1973) and Nema 
and Krishna (1982). 
Therefore, it is desirable to ut i l ize these three commercial 
fungicides in controlling powdery mildew of ornamental plants in 
the absence of sui table res is tant cu l t i va r s , because these fungicides 
act in a protective as well as e rad ica t ive manner against the 
powdery mildew pathogen. 
SUMMARY 
Studies were undertaken to es tabl ish the identity of powdery 
mildew species associated with composites in order to understand 
their pat tern of dis t r ibut ion in a study area comprising ten 
dis t r ic ts located in western Uttar Pradesh ( I n d i a ) . The localities 
of Agra, Aligarh, Al lahabad, Bareil ly, Budaun, Bulandshahr, Etah, 
Etawah, Kanpur and Mathura d is t r ic t s comprised the study a rea . 
Powdery mildew infected samples of Acroclinium s p p . , C. officinalis, 
C. coronarium. Cinerar ia s p p . , Coreopsis s p p . , C. sulphureus , £. 
va r i ab i l i s , D. s inua ta , hi. annuus , Z. elegans and two wild 
composites viz . E_. a lba and X. strumarium were collected from 
different locali t ies in these d i s t r i c t s . 
This study for the first time in India constitute such a large 
area making extensive surveys with the objective to establ ish the 
identity of the powdery mildew pathogens and it was established by 
using anamorph charac te r s of the fungus, in the absence of 
teleomorph s ta te . 
Presence or absence of fibrosin bodies, mode of germination 
and morphology of germ tubes were used to es tabl ish the identity of 
powdery mildew species responsible for the disease . Erysiphe 
cichoracearum and Sphaerotheca fuliginea were identified to be 
present in the study area associated with the composites and found 
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to be causa l organisms for the powdery mildew disease . The 
species showed var ia t ions in their dis t r ibut ion and association with 
the composites. E_. cichoracearum was found infecting Acroclinium 
spp . , Coreopsis s p p . , C. su lphureus , D. v a r i a b i l i s , E_. a lba , X. 
strumarium and Z. elegans in a l l the d is t r ic t s surveyed, whereas, 
S. fuliginea was observed infecting Cinerar ia s p p . , C. officinalis 
and H. annuus in a l l the d i s t r i c t s . Beside these, C. coronarium 
and D. s inuata were also collected with infection in few dis t r ic t s . 
C. coronarium was found infected with E_. cichoracearum from the 
distr icts of Agra, Aligarh, Etawah, Kanpur and Mathura. Similarly, 
_S. fuliginea was responsible for infecting D^ . s inuata in Aligarh and 
Budaun d is t r ic t s respect ively. 
Both the species were found as commonest and dominant 
species in the area occurring frequently. However, L. taurica was 
not reported in any sample. 
A number of anamorph charac te rs pa r t i cu la r ly presence or 
absence of well developed discrete fibrosin bodies, conidial 
dimensions (length and breadth) and L/B ra t io , forking of germ 
tubes and appressor ia l development and point of emergence of germ 
tubes from the conidium were examined for their consistency. These 
anamorph charac te rs were found consistent to a great degree and 
are suggested re l iable for differentiating E^ . cichoracearum from 
S_. ful iginea. 
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It can be concluded that the powdery mildew disease is 
apparent ly common in the area and most of the commonly grown 
ornamental composites of the area are l iable to suffer damages. 
E. cichoracearum and S. fuliginea are the species responsible for 
the disease on composites in the study a r e a . It is expected that 
this pat tern of distr ibution of the two species of powdery mildews 
may be found in other d is t r ic ts as well. 
Host range studies revealed that Cinerar ia spp . and Z^ . 
elegans were susceptible to D_. v a r i a b i l i s isolate of E. 
cichoracearum; However, D_. v a r i ab i l i s and !H. annuus were 
susceptible to Z^ . elegans isolate of E_. cichoracearum both in 
glasshouse as well as in the field condit ions. 
The isolates of E. cichoracearum from A. esculentus 
(Malvaceae) and Benincasa h i sp ida ; Coccinia cordifolia 
(Cucurbitaceae) fail to paras i t ize the Compositae members. Thus, it 
can be concluded that the isolates of E. cichoracearum from 
composites appear to be different from those of non-composites. 
However, isolates of E^. cichoracearum from composites showed 
different response in the members of Compositae. It can be 
concluded from these prel iminary studies tha t there exists different 
s t ra ins of E^. cichoracearum showing specificity amongst the 
composites. 
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Majority of the commercial cu l t iva r s of the cul t ivated com-
posites have been found highly res i s tan t to a l l the four Compositae 
isolates , however, few have shown vary ing degree of suscept ib i l i ty . 
The cu l t ivar Double mixed of C. officinalis; Maxima may queen, 
Annual mixed, Selection mixed and Coronarium mixed of C. 
coronarium; Maxima mixed colours of Cinerar ia s p p . ; Sensation 
mixed. Choice mixed, Goldcrest, Sunset, Bright l igh ts , Candy s t r ipe . 
Early flowering mixed and Double crested mixed of C. sulphureus; 
Dwarf double redskin , Coltless hybr id mixed, Dwarf border mixed, 
Unwins bedding. Decorative mixed and Exhibition mixed of D. 
va r i ab i l i s ; Miniature mixed, Japanese miniature mixed and Brown 
fancy mixed of H^ . annuus; Local of I., s a t iva ; Violet queen. Giants 
of California mixed. Linearis white. Golden dawn. Purple pr ince. 
Dahlia flowered mixed and California giant mixed of 7^. elegans 
were found to be highly susceptible to res is tant in the glasshouse 
and in the field or vice v e r s a . 
Three commercial fungicides v iz . Karathane EC, Bavistin and 
Morestan were evaluated for their efficacy agains t E^ . cichoracearum 
infecting Dahlia va r i ab i l i s cv.Decorative mixed. Among these 
fungicides tested, Karathane EC was found to be best in controlling 
the disease . Higher concentration (0.02 per cent) of these 
fungicides was also found to be superior in comparison to lower 
concentrations (0.001,0.01 and 0.1 per cent), in disease control. 
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APPENDIX - I 
List of Abbreviat ions 
Abst . Abs t r ac t 
F i g . F i g u r e 
pm Micrometer 
cm Cent imeter 
f t . Feet 
et a l . et a l u {= a n d o thers ] 
i . e . J_d es t (= t h a t i s ) 
v i z . Videl icet (= namely) 
s p . spec ie s 
p . p a g e 
p p . p a g e s 
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APPENDIX - II 
Cultivars of Compositae 
Acroclinium sp . 
Semi double white pink 
Splendens mixed 
Special mixture 
Arctotis sp . 
Hybrid mixed 
Special hybr id 
Grandis hybrid 
Aster sp . 
Giant mixed 
Double mixed 
Ostrich plume white 
Crego giant mixed 
Teisa s t a r s mixed 
Powder puff mixed 
Calendula officinalis 
Double golden emperor 
Double geisha g i r l 
Kelmscott giant orange 
Double mixed 
Orange king 
Pacific beauty mixed 
Festive gaurd 
Name of the Supplier 
L.R. Bros. , Saharanpur 
Sut ton 's Seed, Calcutta 
Sut ton 's Seed, Calcutta 
L.R. Bros, Saharanpur 
Sutton 's Seed, Calcutta 
Sut ton 's Seed, Calcutta 
L.R. Bros, , Saharanpur 
L.R. Bros. , Saharanpur 
Sut ton 's Seed, Calcutta 
Sut ton 's Seed, Calcutta 
Sut ton 's Seed, Calcutta 
Cooper's Seed, Poona 
L.R. Bros. , Saharanpur 
L.R. Bros. , Saharanpur 
L.R. Bros. , Saharanpur 
Poocha Seeds, Poona 
Poocha Seeds, Poona 
Poocha Seeds, Poona 
Sut ton 's Seed, Calcutta 
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Carthamus t lnctorlus 
Kusumika 
Chrysanthemum coronarium 
Maxima may queen 
Annual mixed 
Selection mixed 
Coronarium mixed 
Cineraria sp . 
Maxima mixed colours 
Duplex double flowers 
Early spr ing glory 
Cosmos sulphureus 
Sensation mixed 
Choice mixed 
Goldcrest 
Sunset 
Bright l ights 
Candy s t r ipe 
Early flowering mixed 
Double crested mixed 
Coreopsis sp . 
Flowers a l l the year round 
Dwarf double sunburst 
Early sunr ise 
Sunbeam 
Tall mixed 
Sutton's Seed, Calcutta 
L.R. Bros. , Saharanpur 
Sutton's Seed, Calcutta 
Sutton 's Seed, Calcutta 
Cooper's Seed, Poona 
L.R. Bros. , Saharanpur 
L.R. Bros. , Saharanpur 
Sutton's Seeds, Calcutta 
L.R. Bros. , Saharanpur 
L.R. Bros. , Saharanpur 
Sutton's Seed, Calcutta 
Sutton's Seed, Calcutta 
Sutton 's Seed, Calcutta 
Sutton's Seed, Calcutta 
Cooper's Seed, Poona 
Cooper's Seed, Poona 
L.R. Bros. , Saharanpur 
Sutton's Seed, Calcutta 
Sutton's Seed, Calcutta 
Sutton's Seed, Calcutta 
Cooper's Seed, Poona 
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Dahlia va r i ab i l i s 
Collasal single mixed 
Dwarf double redskin 
Coltless hybrid mixed 
Dwarf border mixed 
Unwlns bedding 
Decorative mixed 
Exhibition mixed 
Dlmorphotheca s lnuata 
Orange 
Special mixture 
Giant orange 
Glistening white 
Gall lardia sp . 
Mixed 
Grandiflora mixed 
Picta loUypop orange 
Picta loUypop yellow 
Picta loUypop mixed 
Gazania splendens 
Sunshine hybrid mixed 
Hybrid mixed 
Local 
Hellanthus annuus 
Double sungold t a l l 
Miniature mixed 
Japanese miniature mixed 
Brown /anc\ ' mixed 
L.R. Bros. , Saharanpur 
Sutton's Seed, Calcutta 
Sutton's Seed, Calcutta 
Sutton's Seed, Calcutta 
Cooper's Seed, Poona 
Cooper's Seed, Poona 
Cooper's Seed, Poona 
L.R. Bros. , Saharanpur 
Sutton's Seed, Calcutta 
Sutton's Seed, Calcutta 
Sutton's Seed, Calcutta 
L.R. Bros. , Saharanpur 
Poocha Seeds, Poona 
Sutton's Seed, Calcutta 
Sutton's Seed, Calcutta 
Sutton's Seed, Calcutta 
Sutton's Seed, Calcutta 
Sutton's Seed, Calcutta 
Gaurav Seeds, Aligarh 
L.R. Bros. , Saharanpur 
L.R. Bros. , Saharanpur 
Poocha Seeds, Poona 
Poocha Seeds, Poona 
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Ciiant russ ian 
Local (a) 
Local (b) 
Single t a l l yellow 
Mammoth russ ian 
Lactuca sa t iva 
Green and par i s white 
Wayahead 
Avondefiance 
Black seeded simpson 
Local 
Tagetes erecta 
Dwarf double rusty red 
Dwarf double harmony 
Dwarf double mixed 
Spanish brocade 
Lemon king 
Naughty marietta 
Susanna 
Trinity inca orange 
Trinity inca gold 
Tall afr ican mixed 
French dwarf mixed 
Local (a) 
Local (b) 
Poocha Seeds, Poona 
Gaurav Seeds, Aligarh 
Punjab Seeds, Aligarh 
Sutton 's Seed, Calcutta 
Cooper's Seed, Poona 
L.R. Bros. , Saharanpur 
Poocha Seeds, Poona 
Sutton 's Seed, Calcutta 
Sutton 's Seed, Calcutta 
Gaurav Seeds, Aligarh 
Poocha Seeds, 
Poocha Seeds, 
Poocha Seeds, 
Sutton 's Seed, 
Sut ton 's Seed, 
Sut ton 's Seed, 
Sutton 's Seed, 
Sut ton 's Seed, 
Sut ton 's Seed, 
Cooper's Seed, 
Cooper's Seed, 
Gaurav Seeds, 
Punjab Seeds, 
Poona 
Poona 
Poona 
Calcutta 
Calcutta 
Calcutta 
Calcutta 
Calcutta 
Calcutta 
Poona 
Poona 
Aligarh 
Aligarh. 
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Zinnia elegans 
Cerise queen Poocha Seeds, Poona 
Puri ty Poocha Seeds, Poona 
Violet queen Poocha Seeds, Poona 
Giants of California mixed Poocha Seeds, Poona 
Canary bird Poocha Seeds, Poona 
Crimson monarch Poocha Seeds, Poona 
Rich salmon rose Sut ton 's Seed, Calcutta 
Ruffled jumbo mixed Sutton 's Seed, Calcutta 
Linearis white Sut ton 's Sedd, Calcutta 
Golden dawn Cooper's Seed, Poona 
Purple prince Cooper's Seed, Poona 
Dahlia flowered mixed Cooper's Seed, Poona 
California giant mixed Cooper's Seed, Poona 
